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treatments. Also provided are methods and compositions for providing sustained

Lpm,

treatment effects nyafh.nnnan—a**gaqj diseages and conditions

H j.’f:i"k'll]’-f)ﬁﬁlﬂ (rryaharomic acid; HA) 18 4 glycosarninogiyean that exists
predonunantly in connective tissues, skiny, cartilage, and in synovial flvid in
S TR s e o aloey 10 PR e T o 14 e A e e AR O T
mammals, Hyaluronan alse is the mam L.,o..nm,humt o1 the vitreous of the eye, In
conmective tiasue, the water of hydration associate i\..w’aih hyaluronan creates hydra
matrices between tissues. HA 15 found 1o the extracellnlar matrix of many cells,

especially in soft connective tissuss. HA has arole in various physiological

na profein homeost
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processes, such as w water and p

Laurent TC et gl (1892 FASEB J6:2387-2404). Certain dissases are associated
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with expression and/or production of hyaluronan,

s, including hyaironidases, are enzymes that
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The methods melude 2 step of administering a hyaluronan degrading
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i oas a hyslorowdase, particalarty a soluble h :Yc aromdass, such a8 any af

the animal or bacterial hyaluronidases, The hyaluronan degrading enzyme (s modified

with a polymer, such as a pegylation moisty, Exemplary of such ar

the hyalaronarn

ding enzymes are soluble human hyaluronidases. Such soluble hyaluronidaszes

and preparations thereo! are described, for example, in co-pending U5, Patent
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application
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alter a property, such as, but not limited te, half-life and pharmokinetics. The
meodification includes linking dirt_:ctly or indirectly via a linker, such as covalently or
by other stable linkage, a polymer, such as dexfran, z pegylation or sialation moiety,
- or other such pdiymers, such as natural dr sugar polymers. In the exemplary
embodiments herein, the hyaluronan degrading enzyme is pegvlated.

In one aspect, there is provided a method of identifying a subject for treatment
of a tumor with a modified hyaluronidase, comprising:

a) measuring the expression or level of hyaluronan in a biopsy of a tumor
previously obtained from a subject; and

b) selecting a subject in which hyaluronan is expressed in at least 30% of the
twmoral area of the tumor biopsy, thereby identifying the subject from whom the
sample was obtained as a subject for treatment with the modified hyaluronidase,

wherein modification of the hyaluronidase is conjugation to a polymer.

Provided herein are methods for treating a disease or condition in which a
hyaluronidase substrate accumﬁlates, and methods for treating a hyaluronan-
associated disease or condition. Such methods include administering a soluble
hyauronidase that is modified by conjngation to a polymer. Also providéd herein are
compositions containing a soluble hyaluronidase in an amount sufficient for
maintaining a plasma level of the hyaluromdase enzyme in plasma at a level of at
least 3 U/mL for at 1east 2 week, and combinations containing such compositions. The
soluble hyaluronidase in the compositions and combinations provided herein is
conjugated to a polymer.

Provided herein are methods for treating & disease or condition in which a
hyaluronidase substrate accumulates. The methods involve administering a soluble
hyaluronidase enzyme to a subject more than once a week for a predetermined
number of weeks in an amount sufficient {o maintain a pharmacologically active jevel
of the hvaluronidase in the plasma of at least about or 3 U/mL to pre\?ent resynthesis
of the subsirate to levels prior to treatment. The hyaluronidase enzyme used 1n the
methods is modified by conjugation fo a polymer, and the predetermined number of

" weeks is more than one week. In some examples, the predetermined number of weeks
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is at least two weeks, such as two weeks, three weeks, or four weeks. Exemplary
hyaluronidase substrates that accumulate in the condition or disease being freated
include hyajuronan. In one example, the hyaluronan expression in a sample from the
subject is measured prior to treatment.

. In some examples of the methods for treating a disease or condition in which a
hyaluronidase substrate accumulates, after the predetermined number of weeks,
adminisiration is discontinued for a first predetermined period of time, such as af least
one week, and then resumed for at least one week. For example, administration can be

discontinued for one week, two weeks, three weeks or four weeks, and then resumed
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for at least one week. o harther examples, after the first predetermdned period of
time, the soluble hyvaluronudase is further administered to the subject more than once a
weel for a predetermined number of weeks m ag amomnt sufficient to maintain a

pharmacologically active level of the byaluronidase in the plasma of at least about or

3 U/iml to prevent re

mithesis of the sub:straie to levels prior fo freatment. In some

srabediments of any of these methods, the cycle of administraton and discontinuation

of adminstration is repeated & plurality of tmes

I somea Birnents of the met!

ods provided herein, th

NG

adminstered noan amount suificient o mmamiain 2 pharmmacologically ective level of
the hvaleronidase 1o the plasma-of at isast or about 3 Ulmi— 12 Ufml. For example,

the hyaluronidaze can be administered Inan smoeunt sufficient to maintain a

sogically active level of the hyvaluronidase 1w the plasma of at Jeast at or

5 Ufmi, 6 Uiml, 7 Ulmal, 8 Ulml, 9 \J/mh 4 Ui

L, 20 Ufmd, 30

-

na

O5aNTor nelage 18 agmin

evel nfthe b

In one embodirnent of the methods for & or condigon in which

a nvaluromidase subsivate acoumulates, the hyaluromidase is administered twice a
week., The ameunt of hyaluronidase a ihe subieef can be, for example,

P

0.02 mg/kp (of the suly

0, ¢

1()/1(‘€} 0.09 u”;/',((: 01 gﬂg’jkg) 015 o 1£fx,r, n )1"1”"9’8 r

g, U mgleg, 0.06 me/kg, 0.07
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=, 0.7

0.35 mglg, 040 mefkg, 045 melke, 0.5 myke, 0.55 me kg

mglig, 0.8 mglkg, 0.9 mefke, 1.0 mg/ky

mglfke, 1.5 mgfkg or more. In one example, the amount of hyaloronidase administered

AW

15 0.05 mogkg — 0.8 ';ﬁi[‘zgg;f'i{f* in further examples, the amnount of hyalurondase

e is or is about 50,000 Units ¢ 7}- 60,000 U; 70,000 U; 80,000 U 90,000
12; 100,000 U; 200,000 U;”@‘G GOC U 400,060 1; 500,000 U, 600,000 Us 700,000 U
200,000 U 800,000 113 1 4
3,000,000 U1, 3,560,000 U, 4,000,000 U or more.
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Decitabines; Denileukin Diftitoxes; Dexmignldipines; Dexonnaplatins; Dexrazoxanes;
Dezaguamines; Diaziquones; Dibrospidiums; Diencgests; Dinaling; Disermolides;
Docetaxels; Dofequidars, Doxafluridines; Doxorubicin posomals; Doxorubicin HCL;
Docorubicin HCL Hposome injection; Dsﬁiembicins; Droloxifenes; Dromostanoions
Propionates; Duazomycins; Scomustines; Edatrexates; Edotecaring; Eﬂorniﬂﬁneé;
Elacrdars: Elinafides; Elliows B Soiu’cif}:ﬁs; Elsamitrucing; Emitefurs; Enloplating;
Enpromates; Enzastavring; Epipropidines; Epirubicing; Epoctin alfas; Eptaloprosts;
Erbulozoles; Esorabicins; Estramustines; Etenidazoles; Froglucids, Bioposides
phosphates; Eioposide 'VP—lés;_ Etoposides; Fioprines; Exemestanes; Exisalinds;
Fadrozoles; Pazarabines, Fenretinides; Filgrastims; Floxuridines; Fludarabines;
Fhlaorouracils; S-fluorouracils; Fluoxymesterones, Plurocitahinés; Fosquidones;
Fostricoins; Fosiniecins, Fotretamines; Fulvestrants; Galarobicing; Galocitabines:
Gemcitabines; Geminzumabs/Ozogamicing; Gerogquinols; Ghmatecans; Gimeracils;
Gloxazones; Glufosfamides; Goserelin acetates; Hydroxyureas;
Toritumonabs/Tiuxetans; Idarubicins; Hosfamides; Imofosines; llomasiats; Imatinib

mesylates; Imexons; Improsulfans; Indisulams; Inproguones; Interferon alfa-2as;

Interferon alfa-Zbs; Interferon Alfas; Interferon Betas; Interferon Garmumas;

Interferong; Interipukin-2s and other Interlevions (nchading recombinant
Interfeniins}; Intoplicines; lobenguanes [131-1]; Iproplating; Irinotecans; Irsogladines;
Ixabepilones; Ketotrexates; L-Alanosines; Lanrectides; Lapatinibs; Ledoxanirones;
Letrozoles; Leucovoring; Leuprolides; Leuprorelins (Leuprorelides); Levamisoles;
Lexacalettols; Liarozoles; Lobaplating; Lometrexols; Lommstines/CUNUg;
Lomustines; Lonafarnibs; Losoxantrones; Lurtotecans; Mafosfamides; Meannosulfans;
Marimastats; Masoprocols; Maytensines; Mechk}m%hzﬁmims;
Mecloretharnines/Mitrogen mustards; Megestrol acetates; Megestrols; Melengestrols;
Melphalans; MelphalanslL-PAMs; Menogarils; Mepitiostanes; Mercaplopurines; 6-
Mecaptopurine; Mesnas; Metesinds; Methotrexates; Methoxsalens, Metomidates;
Metoprines; Meturedepas; Miboplatns; Miproxifenes; Misonmidazoles; Mitindomides;
Mitocarcins; Mitocroming, Miteflaxones; Mitogilling; Mitoguazones; Mitomalcins,
Mitomyein Cs; Mitomyeins; Mitonafides; Mitoguidones; Mitospers; Mitotanes,

Mitoxantrones; Mitozolomides; Mivobulins; Mizorbines; Mofarotenes; Mopidamols;
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Mubritinibs; Mycophenolic Acids; Nandrolone Phenpropionates; Nedaplatins;
Nelzarabines, Nemorubicing; Nitracrines, Nocodazoles; Nofetumomabs;
Nogalamycins; Nolairexeds; Nortopixantrones, Octreotides; Oprelveking;
Ormaplafins; Ortataxels; Oteracils; Oxaliplating; Oxisurans; Oxophenarsines;
Paclitaxsls; Pamidronates; Patubilones, Pegademases; Pegaspargases; Peghilgrastims;
Pel_desines; Peligmycing; Pelitrexols; Pemetrexads; entarnustines; Pentostating;
Peplomyeins; Perfosfamides; Perifosines; Picoplating; Pinafides; Pipobromans;
Piposulfans; Pirfenidones; Piroxanirones; Pixantrones, Plevitrexeds; Plicamycid
Mithramycins; Plicamycing, Plomestanes; Plomestanes, Porfimer sodivms; Porfimers;

Porfiromycins; Prednimustines; Procarbazines; Propamidines; Prospidiums;

Pumnitepas; Puromycinsg, Pyra/efurms (Quinacrines; Ranimusiines; Rasburicases;

Riboprines; Ritrosuifans; Ritaxirnabs; Rogletimides; Roguinimexs;
Rufocromomycing; Sabarubicins; Safingols, Sargramostims; Satra%;ﬂatins;
Sebniplating; Semustines; Simtrazenes; Sizofiransg: Sobuzoxunes Soratenibs,
Sparfosates; Spariosic Acids, Sparsomycins; Spirogermaniums; Spiromustines
Spiroplating; Spiroplating; Squalamines; Streptonigring; Streptovarycins;
Streptozocing; Sufosfamides; Sulofenurs; Sunitinth Malate; S-thioguanine (6-TG):
Tacedmalines; Talcs; Talisomycins; Tallimustines; Tamoxifens; Taviquidars;
Tauromustines; Tecogalans; Tegaturs; Teloxantrones; Temoporfins; Temozolomides;
Teniposides/VM-26s; Temposides; Teroxirones; Testolactones; Thiamiprines;
Thicguznines; Thictepas; Tiamiprnes; Tiazoforins; Tilomisoles; Tilorones;
Timcodars; Timonacics, Tirapazamines; Topinantrones, Topotecans; Toremifenes,
Tositumomabs; Trabectedins (Ectemaseidin 743); Trastuzomabs; Trestolones:
Tretinoins/ ATRA; Triciribines; Trilostanes; Trimeirexates; Triplatin Tetranitrates;
Triptorelins; Trofosfamides; Tubulozoles; Ubenimexs; Uracll Mustards; Uredepas;
Valrubicing; Valspodars; Vapreotides; Verteporfing; Vinblastines; Vincristines
Vindesines; Vinepidines; Yinfhumnes; Vinformides; Vinglyelnates; Vinleucinols,
Vinleurosines; Vinorelbines; Vinrosidines; Vintriptols; ""Q’inzo'ii dines; Vorozoles;
Hanthomycin As (Guamecyciines); Zeniplating; Zilascorbs [2-H}; Zinostatins,

Zoledronate; Zorubicins; and Zosuguidars.
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In any of methods for treating 2 di.sléasa or coméiti on in which a hyalurenidase
substraie accumuliates and methods for treating a hyaluronan-associated disease or
condition that are provided herein, the soluble hyaiﬁmnidasa and/or second agent can
be administered locally ot systemically, such ag, for exarnple, orally, intravenously
IV, S‘ubcﬁtm}eously, intranuscularly, intra-tumorally, radermally, topically,
ﬁ‘ansdermaliya reciaily or sub-epidermally. In *particuiaz’ examples of the methods
provided herein, the soluble hyaluronidase and/or second agent is administered
intravenously. In other examples, the soluble hyaluronidase and/or second agent is
administered intra-tumorally,

Provided herein are methods for treating a disease or condition in which a
hyaluromdase substrate accumutiates and methods for treating a hyaluronan-associated
disease or condifion. In some exampies, the disease or condition in which a
hyaluromdase substrate accamulates is associated with high interatitial flud pressure,
in further examples, the the disease or condition treated by the methods provided
heren is disc pressure, cancer or edema. The edema, for example, can be caused by
organ transplant, stroke or brain fravma. In instances where the disease or condition to
be treated is cancer, the cancer can be a tumor, such as a sohd tomeoer. In some
examples, the tomor has increased cetlular and/or stromal expression of a hyaluronan,
compared to a non-cancerous lissue of the same tissue type or compared to 4 non-
metastatic tumor of the same tumor-type. In particular examples, the disease or
condition o be tr_f:atéd is a late-stage cancer, a metastatic cancer and/or an
undifferentiated cancer. In one example, the disease or condition is ovarian cancer, in
situ carcinoma (I8C), squamous oell carcinoma {SCC), prostate cancer, pancreatic
cancer, non-small cell lung cancer, breast cancer, brain cancer ot eolon cancer. In
some examples of the methods provided herein, the reatment effects a reduction in
the size of a tumoT 1n the subj ect.

In some embodiments, the solubie hyaluronidase used in the methods provided
is a solubie PH20, incivding, bat not imirted fo, an ovine, mouse, monkey, boifinf:,
bacionial or human PH20, In some examples, the soluble form of PH20 is 2 sohable
PHZ0 that has been truncated to remnove a C-terminal GPL In some aspecis of the

methods provided herem, the soluble hyvaluronidase has 2 sequence of amino acids
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inciuded in SEQ 1D NO:1 or a sequence that has at Jeast about 91% amino acid
sequence wWentity with a sequence of amino acids included in SEQ 1D NO:1, whereby

the soluble hivaluronidase is soluble, N-glvcosylaied and neutral active. In other

- examples, the soluble hyaluronidase includes a sequence of amino acids set forth in

SEQ ID NOC:1 that is truncated at an amine acid residue that is or is between amino
acid residues 467 to 483, For example, the soluble hyaluronidase can include a
sequence of amino acids set forth in SEQ 1D NO:1 that is trancated at an: amino acid
residue selected from among 467, 468, 465, 470, 471, 472, 473, 474, 475, 476, 477,
478,470, 480, 481, 482 and 483.

* In some agpects, the soluble hyaluromidase used in the methods provided
herein 1s secreted 1in CHO cells, In other aspects, the soluble hyaluronidase has the
sequence of amino acids set forth as amino acids 36-467, 36-468, 36-469, 36-470, 36-
471, 36»472, 36—473, 36-474, 36-475, 36-476, 36-477, 36-478, 36-479, 36-480, 36~
481, 36-482, or 36-433 of SEQ ID N1, or has at least about 91% amino acid
sequence identity with & sequence of amino acids set forth as amine acids 36-467, 36-
458, 36-4569, 36-470, 36-471, 36-472, 36-473, 36-474, 36-475, 36-476, 36-477, 36-
478, 36-479, 36-480, 36-481, 36-482, or 36-483 of SEQ D NO:1, In particular
examples, the soluble hvaluronidase is selected from armong polypeptides containing a
sequence of amino acids set forth in any of SEQ ID NOS: 4-9 and 46-48, and alletic
variants, species variants and other varants thereoll In one embodiment, the soluble
hyaluronidase 18 a polypeptide encoded by a s;a:qu@ncé of nucleic acids that encodes a
sequence of amino acids set forth in SEQ ID NO:4, In another embodiment, the
soluble hivaluronidase is seiected from among polpeptides encoded by 4 sequence of
nucisic acids that encodes a segeunce of amino acids set forth in any of 5EQ 1D NOS:
4-9, In such instances, the soluble hyaluromdase can be produced by expression in
CHC cells. For example, in one embodiment, the soluble hyahwronidase is designated
rHaPH2Z0. Further, in some aspects, ihe soluble hyaluronidase used in the methods
provided herein is glycosylated. '

As discussed above, in the methods provided herein for treating a disease or

condition in which a hyaluronidase substrate accumulaies-or for treating a

hyaluronan-associated disease or condition, a hyaluronidase enzyme that is modified |
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by conjugation to a polymer is administered o a subject. In some examples, the
polymer conjugated to the soluble hyaluronidase contains a pegylation moiety (PEG),
such ag, for example, methoxy-poly(ethyviene glycol)-succinimidy! butanoate (mPEG-

SBA) (5 kDa); methoxy-poly(ethyiene glyeol)-succinimidyl butanoate (mPEG-5BA)

—

(20} T‘a}; methoxy-polylethylene glyvcol)-suocinimidy! butanoate (mPEG-SBA) (30

kDa}, methoxy-poly(ethylene glyeol)-suceinimidyl o-methylbutanoate (mPEG-SMB)

r"‘\
C}

20 kDa); methoxy-poly(ethylene glycoi}smccinimidy} ammethylbutanoéta {(mPEG-
SMBY (30 kIDa); methoxy-poly(ethylene glycol)-butyraldehyde (mPEG-
butyraldehyde) (30 kDa), methoxy-poly(ethylene glycol)-succinimidy! propionate
{(mPEG-5PA) (26 kDa); msﬁhaxy—poly{ﬁthylene glyeol)-succinimidyl pmpicmfz*e‘
(mPEG-5PA) (30 kDa); (methoxy-poly(ethviene glycol)) »-N-hydrox yquccmlmlde
ester (mPEG,-NHS) (10 kDa brancbed}; {methoxy-poly(athylens glveoll) ,-N-
hydroxysuccinimide ester {mPECG,-MHS) (20 kDa branched); (muethoxy-poly(ethvliene
glyeol}) p-Nehydroxysuccimmide ester (mPEG,-NHS) {40 kDa branched); {methoxy-
poly(ethylene glycol)) o-N-hydroxysuccinirmde ester (mPEG,-NHS) (60 kDa
branched}; botin-poly{ethyiene glycol}-N-hydroxysuccinimide ester {biotin-PEG-
NHS) (5 kDa biotinyiated); poly{ethyiene. giycol)-p-niopheny! carbonate (PEG-p-
nirophenyl-carbonate) (30 kixa); or pely(ethyiene glyeol}-priopionaidehyde (PEG-
propionaidehyde) (30 kDa). In some aspects, the the PEG is a branched or linear

T

PEG. In a particiiar example, the PEG is 2 methoxy-PEG (mPEG), or example, a
Linear N-hydroxysuccinimidyl ester of mnethoxy poly{ethylene glyveo) butanoic acid,
Such PEGs can have a molecular weight of 30 or about 30 kilodaltons.

Provided hersin ars composifions containing a sohuble hyaluronidase in an
amount sufficient for maintaimng a plasrna Jevel of the hyaluronidase enzyme in
plasma at a level of at least 3 U/mL for at least a week, wherein the soluble
tryaluromidase is conjugated to 2 polymer. In some aspects, the level of hyaluronidase
in the plasma is af least or about 3 U/mi- 12 U/mL. Exemplary polymers conjugated
to the hyaluronidase include, but are not limited to, sialation and pegvlation moieties,
The compostiions can e administered at least fwice a week for more than at lsast one
week., In some examples, the composition contains at least or about 2.0 me - 60 mg

3

of the soluble hyaluronidase conjugated to a polymer, and the soluble hyaluronidase
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conjugated to a polymer has a specific activity of at least or about 20,000 U/mg,
25,000 U/mg, 30,000 U/mg, 31,000 Ulmeg, 32,000 Ulmg, 33,000 U/mg, 34,000 Ulng,
35,000 Uimg, 36,000 Ulmg, 37,000 Umg, 38, 000 U/mg, 36,000 Ul/meg, 40,0060
Ufmg, 45,000 U/me, 50,000 Ulmg, 55,000 U/mg, 60,000 Ulmg or more. ]??urth.er, in
some aspects, the composition is at least 10 mi/ per administration.

The compuositions provided herein can be formulated for administration orally,
mtravencusty (IV), subcutaneously, intramuscularty, intra~-tomorally, radermally,
topically, ransdermally, rectally or sab-epidermally. In one example, the composition
is formulated for intravenous administration, The compositions provided herein also
can contaln hisddine and/or NaCl, For example, in one ambodimsﬁt, the composition
i formuelted with at or about 10 mM histidine and/or 130 mM NaCl. The

compogition can have o pH that is or is about 6.0, 6.1., 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.5,

- 6.9,7.0,7.1 or 7.2, In one example, the composition has & pH of or about 6.5,

Provided herein are combinations confaiming a composition containing a

soluble hyaluronidase in an amount sufficient for maintaining a plasma level of the

hyaluromidase enzyme in plasma ot a level of at least 3 U/mlL for at least & weel;,

wherein the soluble hyaluronidase is conjugated to a pdiymer, and a second
somposition containing an agent for treating a hvalwronan-associated diseese or
condition. In sorne exampies, the composition containing a soluble hryaluronidase ix
for administration at Jeast twice & week for more than at teast one week, In further
aspects, the composition containing a soluble hya.lumﬁ:idase. contains at least or about
2.0 mg ~ 60 mg of the soluble hyaluronidase conjugated o a polymer; and the soluble
hiyaluronidase conjugated to a polymer has a specific activity of at least or about -
20,000 Ufmg, 25,000 U/mg, 30,000 Ulmg, 31,000 Uimg, 32,800 U/me, 33,000 Ulmg,
34,000 Uimg, 35,000 U/mg, 36,000 Ulmg, 37,000 Uimg, 38, 000 Usmeg, 29,000
U/mg, 40,000 Uimg, 45,000 Umg, 50,000 U/mg, 55,000 W/img, 60,000 U/mg or
more.

The first and second compositions of the combinations provided herein are co-
formulated or provided separately. In some examples, the polymer conjugated to the
hyaluromdase in the combinations provided heretn is a sialation or pegylation moiety.

In further embodiments, the second agent in the combination i an anti-cancer agent
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or treatment, such as, for exampie, 2 chernotherapeutic agent, radiation therapy an
antibody, 2 peptide, & gene therapy vector, a virus or a nucleic acid. In particular
examples, the second agent is an anti-cancer agent selected from among Acivicins;
Aclarabicing; Acodazoles; Acronines; Adozelesing; Aldesieuking; Alemtuzumabs;
Alitretinoins {3-Cis~-Retingic Acids); Allopurinols; Altretamines; Alvocidibs;
Ambazones; Ambomyeins; Ametantrones; Amifostines; Arinoglutethimides;
Amsacrines; Anastrozoles; Anaxirones; Ancitﬁbiné&;; Anthramyeins; Apaziquones;
Argimesnay; Arsenic Tr@oxiﬁés; Asparaginagses; Asperling; Atrimustines; .
Azacitidines; Azetepas; Azotormycins; Banoxantrones; Batabuling, Batimastats; BCG
Live, Benanibines; Bendarnusiines; Benzodepas; Bexaroienes; Bevacizumab;
Bicalutamides; Bistaserpines; Biricodars; Bisantrenes; Bisantrenes; Bisnafide

Dimesyiates; Bizelesing; Bleomycing; Bortezomibs; Brequinars; Bropirimings;

‘Budotitanes; Busulfans; Cactinomycing; Calusterones; Canertinibs; Capecitabines;

Caracemides; Carbetimers; Carboplating; Carboquones; Carmofurs; Carmustings with
Polifeprosans; Carrnustines; Carubicins; Carzelesing; Cedelngols; Celecoxibs;
Cemadoting; Chiorambucils; Cioteronels; Cirolemycing, Cisplatins; Cladribines;
Clanfenurs; Clofarabines; Crisnatols; Cyclophosphamides; Cytarabine liposomals;
Cytarabines; Dacarbazines; Dactinomycins; Darbepoetin Alfas; Davnorbicin
lippsomals; Davnorobicins/Daunomyeing; Daunorubicing Decitabines; Denilenkin
Diftitoxes; Dexniguldipines; Dexonnaplating; Dexrazoxanes; Dezaguanines;
Diaziguones; Dibrospidiwms; Dienogests; Dinaling; Disermclides; Docetaxels;
Dofequidars; Doxifturidines; Doxorubicin iposomals; Doxorubicin HCL,
Docorupicin HCL lipesome injection; Doxorubicns; Droloxifenes; Dromostanolone
Propionates; Duazonryeins, Bcormustines; Edatrexates; Edotecaring; Eflormithines;
Elacridars; Evinafides; Elliotl's B Solutions; Elsamitrucing, Emitefurs; Enloplating;
Enpromates, Enzastanrins; Epipropidines; Epirubicins; Epoctin alfas; Eptaloprosts;
Erbulozoles; Esorubicing; Estramustines; Etanidazoles; Etogiucids; Bloposide
phosphates; Btoposide VP-16g; Etoposides; Etoprines; Exemestanes; Exisulinds;
Fadrozoles; Fazarabines; Fenretinides; Filgrastims; Floxuridines; Fludarabines;
Fluorouracils; 3-fluorouracils; Fluoxymesterones; Flurecitabines; Fosquidones;

Fostriecins; Festriecins; Fotretamunes; Fulvestrants, Galarubicing, Galocitabines;
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Gemeitabines; Gemtuzumabs/Ozogamicins; G«croquinols; Gimaiecaﬁs; Gimeracils;
Gloxazones; Glufosfamides; Goserelin acetates; Hydroxyureas;
Toritumomabs/Tiuxetans; Tdarubicins, fosfamides; Iim@f@sines; Homastats; Imatimb
mesylates; Imexons; Inprosulfans; Indisulams; Inproquones; Interferon alfa-Z2as;
Interferon alfa-2bs; Interferon Alfas) Interferon Betas: Interferon Gammas;
Interferons; Interlenkin-25 and ofher Interieuking (md uding recombinant
Interleukins); ; Intoplicines; lobenguangs [131-1]; Iproplating; Irinotecans; Irsogladines;
Ixabeptlones; Ketotrexates; L-Alanosines; Lanreotides; Lapatinibs, Ledoxantrones;
Letrozoles; Leucovorins; Lenprolides; Leuprorelins (Leuprorelides);, Levamisoles;
Lexacalcttols; Liarozoles; Lobaplating; Lometrexols) Lomustines/CCNUs;
Lomustines; Lonafamibs; Losexantrones; Lurtotecans, Mafosfamides; Mannosulfans;
Marimastats; Masoprocols; Mavtansines; Mechlorethamines;
Meclorethamines/Nitrogen mustards; Megestrol acetates; Megestrols; Melengestrols;
Meiphatans; MelphalanslL-P AMs; Menogarils; Mepitiostanes; Mercaptopunines; 6~
Mecaptopurine; Mesnas; Metesinds, Methotrexates, Methoxsalens; Metomdates;
Metoprines; Meturedepas; Miboplating, Minroxifenes; Misonidazoles, Mitindomides;
Mitecarcins; Mitocromans; Mitoflaxones; Mitogilling; Mitoguazones, Mitomnalcing,
Mitomyein Cs; Mitomyeins; Mitonafides; Mitoguidones; Mitospe Mim‘(a’ﬂes;

Mitoxantrones; Mitozolomides; Mivobuling; Mizoribines: Mofarotenes; Mopidamols;

Wiubritinibs; Mycophenolic Acids; Nandrolone Phenpropionates; MNedaplating;
Nelzarabines, Nemorabicins; Nitracrines, Mocodazoles; Nofefumarnabs,
Nogalamveins; Nolatrexeds; NMortopizanirones; Octreotides; Oprelvekins;
Ormaplating; Orfataxels; Oteracils; Oxaliplating; Oxisurans; Oxophenarsines;
Paclitaxels; Pamidronates; Patubilonss; Pegademases; Pegaspargases; Pegfilgrastims;
Peldesines; Peliomycins; Pelitrexols; Pemetrexads, Pentamustines; Pentostating;
Peplomycins; Perfosfamides; Perifosines; Picoplating; Pinafides; Pipobromans;
Piposulfans; Pirfenidones; Piroxantrones; Pixantrones; Plavitrexeds; Plicamyeid
Mithramycing; Plicamyeing; Plomﬁstanﬁs; Plomestanes; Poritmer sodiwms; Porfimers;
Porfiromycing; Predmmustines; Procarbazines; Propamidines; Prospidivms;
Pumitepas; Puromyeing; Pyrazofunins, Quinacrines; Ranimustines; Rasburicases;

Riboprines; Ritrosuifans; Rituximabs; Rogletimides; Roguinimexs;
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Rufocromornycins; Sabarubicins, Safingols; Sargramostims; Satrapiatins;
Sebriplating; Semustines; Simtrazenes; Sizofirans; Sobuzoxanes; Sorafenibs;
Sparfosates; Sparfosic Acids; Sparsomyeins; Spirogermaniums; Spiromustines;

Spiroplating; Sproplating, Squalamines; Sireptonigring, Streptovarycins;

(¥4

Streptozocing; Sufpsfamides; Sulofenurs; Sunitinib Malate; 6-thiogoanine (6-TG);
Tacedinalines; Tales; Talisomyeins; Tallimustines; Tamoxifens; Tariquidars;
Tawrcmustines; Tecogalans; Tegafurs, Teloxantrones; Temoporfing Temozolomides,
T eniposides/YM-26s; Teniposides; Teroxirones; Testolactones; Thiamiprines;
Thioguanines; Thiotepas, Tiamiprines; Tiazofuring; Tilomisoles; Tilorones;

10 Timeodars; Timonacics; Tirapazamines; Topixantrones; T‘q;jptecaﬂs; -Toramifenes;
Tositwrmomabs; Trabectedins (Ecteinascidin 743Y; Trastuzumabs; Trestolones;
Tretinoins/ ATRA: Tricinibines; Triios'tanes; Trirnefrexates; Trplatin Tetranitrates;
Triptoreting; Trofostamides; Tubulozoles; Ubeﬁiinf:}{s; Uracil Mustards; Uredepas;

Valrubicing; Valspodars; Vapreotides; Verteporfing; Vinblastines; Vincristines:

i
(¥ 5]

Vindesines; Vipepidines; Vinflunines; Vinformides; Vinglyeinates; Vinleuecinols;
Vinleurosines; Vinorelbines; Viarosidines; Vintriptols, Vinzolidines; Vorozoles:
Kaﬁthom‘ycin As (Guarnecyclines); Zeniplating, Zilascorbs [2-HT, Zinostatins;
Zoie&f@naﬁ@; Zorublicing; and ZGfe;uquiﬁafa

In one method, a composition contaiming a modified hyaluronan degrading
20 enzyme is admanisiered to a subject who has a hvaluronan-associated disease or
condition or who may have such disease or condition, foliowed by administering a
second and different agent or treatment for treating the disease or condition. The
second agent or treatznent 1s administered more than twenty-four hours after

administration of the hyaluronan degrading enrpyme. Administration can be effectas

[
LA

systemically or locally or by any suitable route, such as intravenously, orally,
subcutanecusly or mirarmuscuiarly.

In another method for freating a hvaloronan-associated disease or condition in
a subject, 2 composition containing modified hyaluronan degrading enzyme is
systemically administered to a subject who has & hyvaluronan-associated disease or

30 condition or who may have such disease or condition. The modified hyaluronan

degrading enzyme is administered in af least an ammount that is effective to decrease
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mferstitial fiwid pressure for more than 24 hours. Administration of the hyahronan
degrading enzyme can treat the disease or condition or can be foliowed by or
administered with 2 second agent or treatinent.  Administration- can be effected
mtravenously, orally, subcutanecusty or intramuscularty, izﬁcéuding, for example,
intra-tamoratly.

Also provided ere methods for lowering interstitial fluid pressure in a subject
by administering to the subject a composition containing an effective amount of a
hyaluronan degrading enzyme that is modified. The amount of hyahawronan deerading
enzyme lowers interstifial fluid pressure for more than 24 hours; and the armount of

hyaluronan degrading enzyme 1s functionally equivaient to between at or about 10

units to 1,000,000 hyaluronidase units, such as at or about 10 t¢ 50,000,000 Units, 10

to 40,000,000 Units, 10 10 36,000,600 Units, 10 to 12,000,000 Units, 10 te 1,200,000
Units, 10 to 1,000,000 Units, 10 to 500,000 Usits, 100 to 100,000 Units, 500 to
50,000 Unité, 1006 to 10,000 Units, 500040 7500 Units, 5000 Units to 50,000 Units,
or 1,000 to 10,000 Units. Units are measursd generally with reference to the
unmedified hyeluronidase. Lowering Interstitial pressure can effect treatment ofa
byaluronan-essociated disease or condition in 2 subject.

In practicing any of the methods herein, hyaloronan expression in a sample
from the subject can be measured {or assessed or monitored) prior to, during or after
treatment. [f needed, expression of hyaluronan in a sample from the subiect can be
cornpared to expression in a control sample or fo a standard, Thus provided, for
example, are methods for treating a hyaluronan-associated disense or condition in 2
subject by first méasuﬁn;; hyaluronan expression in a sarnple from the subject; and
then administering a composition containing a modified hyaluronan degrading
enzyme {0 the subject. Administration inciudes locel and systernic administration,
such as but not limited to, orally, intravenousty (IV}, subcutanecusly, intramuscularly,
wntra-turnorally, intradermally, topically, ransdermally, orally, rectally or sub-
eprdermally. The sample, for example, is a tissue or body fluid, such as but not
limited 1o, & blood sample, tumor biopsy, cersbral spinal fluid, urine, sweat, semen or

saliva sample.
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Thf* methods can be practiced by administering a second agent or ireatment
that is, other than a hyvaluronan degrading enzyme, and that 1s used for treatment ofa
particular disease. For example, if the disease is a tumor, then the second agent can
he a chemotherapeutic and or radiation protocol/therapy.  Exemplary second agents
are anti-cancer agents,

Where the second agent is a drug or composition, the second agent and
hyaluronidase can be administered separaticn, together 1n a single composition or
stmulisneously in two compositions, or intermittently or sequentially or any
combination thersol, Typically, the composttion containing a hyaluronan degrading
enzyme is administered prior to administration of the second agent, In some
f‘*nb'}mmwis. the second agent or treatment con be effectsd or administered before
the 31ya1uromdasa—czmtaining commpositions. In methods in which the time is not
required herein o be more than 24 hours, the tming between a.dminiétraiion of the
composition containing a soluble hyalronidass and the sscond agent or treatment can
e within 20 seconds or 80 seconds, at least one munute, at least five minutes, at least

fifteen minutes, at least thirty minutes at 1sast one howr or more than one hour prior to

b

(0? subsequent to). The time difference can be least or two hc.aurs, four hours, $1%
hours, eight hours, 10 hours, 12 hours, 14 hours, 16 hours, 18 hours, 20 hours, 22

hours, 24 hours, 4% hours or 72 hours prior to administration of the second agent or

Bxemplary second agents and treatments include, for example, anticancer
agents are a chemotherapsutic agent, radiation therapy, an antibody, a peptide, a gene
therapy vector, a virus, such as an oncolytic virus, and a nucleic acids, such as gene
therapy vectors that dsliver an anti-cancer protein or other thﬁrapamic protein. Ofher

exemplary second agents or freatments include, but are not lmmited to, an analgesic
agent, en anfi-inflammatory agent, an antimicrobial agent, an amoebicidal agent, a
irichomonocidal agent, an anli-parkinson’s disease agent, an anti-malarial agent, &
anticonvulsant agent, an anti-depressant agent, an anti-arthrifis agent, an anti-Tungal
agent, an antihypertensive agent, an antipyretic agant, an anti-parasitic ageni, an

5

antihistamine agent, an alpha-adrenergic agonist agent, an aipha blocker agent, an

a3

znesthetic agent, a bronchial dilator agent, a biocide agent, a bactericide agent, a
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bacteriostatic agent, a befa adrenergic blocker agent, a calcium channel blocker agent,
a cardiovascular drug agent, a comraceptwe agent, a cosmetic or assthetic agent, a
decongestant agent, a diuretic agent, a depressant agent, a diagnostic agent, a
therepeutic antibody, an electrolyte agent, a hypnotic agent, 2 hormone agent, a
hyperghycemic agent, a muscle relaxant agent, a mouscle confractant agent, an
ophthalmic agent, o parasympathomimetic agent, a psychic energizer agent, 2 sedative
agent, a sieep inducer, a sympathomimetic agent, a tranquilizer agent, a uﬁnary agent,
a vaginal agent, a viricide agent, a vitemin agent, 2 non-steroidal anti-inflasnmatory
agent, and an angiotensin converting enzyme inhibitor agent, Exemplary of such
agents are: Acivicing; Aclarubicins; Acoé:azoles; Acromines; Adozelesing
Aldeslenking: Alemturumabs; Alitrefinoins (9-Cis-Retinoic Acids); Aliommmis,,
Altretamines; Alvouding; Arn’ﬂazonas; Ambomycins, Ametanirones; Amifostines;
Aminogiutethimides; Amsacn-}{,s, Anastrozoles; Anaxirones; Ancitabines;
Aﬂthrmmmhw; Apaziquones; Argimesnas; Arsemc Trioxides; Asparaginases;

Asperiing; Atrimustines; Azacitidines; Azetepas; Azotomyens, Banoxantrones,
Batabuling;, Batirnastats, BCG Live, Benaxibines; Bendamustines; Benzodepas;
Bexarotenes; Bevacizumab; Bicalutamides; Bietaserpines; Biricodars; Bisanirens
Bisnafide Dimesylates; Bizelesing, Bleornyeins; Bortezomibs; Breguinars,
Bropirimines; Budotitanes; Busulfans; Cactinomyeins; Calusterones; Canertinibs;
Capecitabines; Caracemides; Carbetimers; Carboplating; Carboquones; Canmoturs;
Carmustines with Polifeprosans; Carmustines; Carubicins; Carzelesing; Cedefingols;
Celecoxibs; Cemadoting; Chlorambucils; Cioteronels; Cirolemycing; Cisplatins;
Cladribines; Clanfermurs; Clofarabines; Crisnatols; Cyclophosphamides; Cytarabing
liposomals; Cytarabines; Dacarbazines; Dactinomyeins; Darbepostin Alfas;

Dauna ubicin liposomals; Daunorubicins/Daunomycing; Davnorubicins,; Decitabines;
Drenileukin Diftitones : Dexniguldipines; Dexonnaplating, Dexrazoxanes;
Dezapuanines, Diaziguones; Dibrospidinms; Dienogests; Dinalins; Disermolides;
Dacetaxels; Dofequidars; Doxiflunidines; Doxorubicin hpesomals; Doxorubicin HCL;
Diocorubicin HCL liposome injection; Doxorabicing; Droloxifenes; Dromostanclone
Propionates; Duazemycins; Ecomustines; Edatrerates; Edotecaring; Eflomithines;

Elacridars; Elinafides; Eiliott's B Solutions, Elsamitrucing, Emitefurs; Enioplating
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Enpromates; Enzastauring; Epipropidines; Epirubicins; Epoetin alfas; Eptaloprosts;
Erbulozoles; Esorabicing, Estramustinas'; Etanidazoles; Eroglucids; Etoposide
phosphates; Etoposide VP-16s; Etoposides; Btoprines; Exemestanss; Exisulinds;
Fadrozoles; Fazarabines; Fenretimides; Filgrastims; Floxuridines; Fludarabines;
Fluorouracils; 5-fluorouracils; Fluoxymesterones; Flurocitabines; Fosquidones;
Fosmecins; Fostriecins; Folretamines; Fulvestrants; Galarubicing; CGalocliabines;
Gemicitabines; Gemtuzumabs/Ozogamicing, Geroquunols; Gimatecans; Gimeracils;
(Gloxazones; Glufosfamides; Goserelin acetates; Hyvdroxyureas;
Ibritumomabs/Tiuxetans; Idarubicing; Hosfarnides, Hmofosines; Homastats; Imatinib
méesylates; Irnexons; Improsulfans; Indisulams; Inproguones; Interferon alfa-2as;
Interferon alfa-2bs; Interferon Alfas; Interferon Betas; Interferon Gammas;
Interferons; Interlenkin-Zs and other Interlevking (inchading recombinant
Interlenkins); Intoplicines; lobenguanes [ 131-1]; Iproplating; Irinotecans; Irsogladines;
Izabepilones; Iletotrerates; L-Alancsines; Lanreotides; Lapatinibs, Ledoxantrones;
Letrozoles; Lencovorins; Leuprolides; Leuproreling (Levprorelides); Levamisoles;
Lexacalcitels; Liarozoles; Lobaplatins; Lometrexols; Lomustines/CCNUs;
Lomustines; Lonafarnibs; Losoxantrones; Lurtotecans; Mafosfamides; Mannosulfans;
Marimasiats; Masoprocols; Maytansines; Mechlorethamines:
Mecloretharnines/Nitrogen roustards; Megestrol acetates; Megestrols; Melengestrols;
Meiphalans; MelphalanslL-F AMs; Menogarils; Mepitiostanes; Mercaptopurines; 6-
Mecaptopurine; Mesnas; Metesinds; Methotrexates; Methoxsalens; Metorrmdates;
Metoprines; Meturedepas; Miboplating; Miproxifenes; Misonidazoles; Mitindomides;
Mitocarcing; Mitocromins, Mitoflaxones; Mitogillins; Mitoguazones; Mitomaleins;
Mitomycin Cs; Mitomycins; Mitonafides; Mitoquidones; Mitospers: Mitotanes;

Mitoxantrones; Mitozolomides; Mivobuling; Mizoribines; Mofarotenes; Mopidamols;

Miubritinibs; Mycophenolic Acids; Nandrolone Phenpropionates; Nedaplating:

Melzarabines; Nemorubicing; Nitracrines; Mocodazoles; Nofetumomabs;

Mogalarnyeins; Molatrexeds; Nortopinantrones; Octreotides; Oprelveking

5;
Ormaplating; Ortataxeis; Gieraciiz; Oxaliplating; Oxisurans: Oxonhenarsines:
b 3 ¥ ] i 3 ] _LJ 3

Paclitaxels; Pamidronates; Patubilones; Pegademases; Pegaspargases; Pegfilgrastims;

Peldesines; Peliomycins; Pelitrexols; Pemetrexeds; Pentamustines; Pentostatins;

s,
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Peplomycins; Perfosfamides; Perifosines; Picoplating; Pinafides; Pipobromans;
Piposulfans; Pirfenidones; Piroxantrones, Pixantrones; Plevirexeds, Plicamycid
Mithramycins, Phc@m}fcms Plomestanes; Plomestanes, Porfimer sodiums; Porfimers;
Porfiromyeins; Prednimustines; Procarbazines; Propamidines; Prospidiums;
Purnitepas; Puremycins; Pyrazofuring; Quinacrines; Ranimustines, Raghuricases;
Riboprines; Ritrosulfans; Rifwamabs; Rogletimides; Roguimimexs;
Ruofocromomycing; Ssbarubicing; Safingels; Sargramostims; Satrapiating;
Sebriplating; Semustines; Simtrazenes, Sizofirans; Sobuzoxanes, Sorafenibs;
Sparfosates; apdmoesc Acids; Sparsomycins; Spirogermaniums; Spiromustines;
Spiroplating Spiroplating; Squalamines; Streptonigring, Streptovaryeins;
Streptozocins; Sufosfamides; Sulofenurs; Sunitinib Malate; 6-thioguanine (6-TGY,
Tacedinalines; Tales; Talisomycing; Tallimustines; Tamoxifens; Tariquidars;
Tauromustines; Tecogalans; Tegafors; Teloxanirones; Temoporfing; Temozolomides;
Teniposides/VM-26s; Tenipesides; Teroxirenes; Testolactones; Thiamiprines:
Thioguanines; Thiotepas, Timmiprines; Tiazoturing, Tilomisoles: Tilorones;
Timeodars; Timonacies, Tirapazamines; Topizantrones; Topotecans; Toremifenes:;
Tositumomabs; Trabecteding (Ecteinascidin 743); Trastuzumabs; Trestolones
Tretinoins/ATRA; Triciribines; Trilostanes; Trimetrexates; Triplatin Tetraniraies;
Triptoreling; mfosfamid{-:s; Tubulozoles; Ubenimexs; Uracil Mustards; Uredepas;

Val rumcm_, /alspodars; Vapreotides; Verteporfing, Vinblastines; Vinoristines;
Vrﬁdesm s; Vinepidines; Vinflunines; Vinfommides; Vinglycinates; Vinleucinals;
Vinleurosines, Yinorelbines; Vim@sﬁdme ; Vintriptols;, Vinzolidines; Vorozoles,
Kanthomyein As (Guamecyelines); Zeniplatins; Zilascorbs {2-H]; Zinostating;
Zoledronate; Zorubicins; and Zosugquidars.

Hyaluropan-associated diseases or conditions include, for example, diseases or
conditions associaied with or including high interstitial fluid pressure, such as disc
pressure, cancer and edema. BEdema can result from or be manifested in, for example,
from organ transplant, stroke or brawn travmea. Cancers, inchude solid and
tymphatic/blood umors and metastatic disease, and undifferentiated tumors. The
fumors amenabie to reatment typically exhibit cellular and/or stromal expression of a

hyaluronan, compared (o a non-cancerous fissue of the same tissue type or compared
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to a non-metastatic tumor of the same turnor-type. Cancers tnclude any one or more
of ovanian cancer, in situ carcinoma (ISC), squamons cell carcinoma (SCC), prostats
cancer, pancreatic cancer, other gastric cancers, non-small cell Tung cancer; breast
cander, brain cancer and colon cancer.

As noted, the hyaluronan degrading enzymes for use in the methods,
compositons and combinations herein, include sohuble hyaluronidases, iﬁciudmg non-
human ammal hyaluronidases, bacterial hyaturonidases and human-hyaluronidases.
Exemplary of soluble hyailuronidases are soluble active portions of PH20, such as

ovine, bovine, and human PHE20. To render the PH20 seluble, such as hurnan PH20,

“the PH20 is truncated to remove a C-terminal GPI anchor attachment signal sequence.

With reference to human PH20, francation ends at any of residues 467-487 or
oorr'*SpGﬁdmg;) to any of residues 467-482 of SEQ 1D NO:1 in the human, allelic or
species variants or other variants. For example, the hyaluronan degrading enzyme can
be selected from among polypeptides containing a >eqfncm@ of wroine acids set forthin
any of SEQ ID NOE; 4-9 and 47-48, and allelic variants, species vardants and other
varignts thereof. The hvaluronan degrading enzyme can be one that is encoded by a
seguence of pucleic acids that encodes a seguence of amine acids set forth in SEQ ID
FO3 or any of SEQ ID NOS: 4-9 and 47-48, such as the sequence of nucleic acids set
forth in BEQ ID NO: 49, They can be the hyahuronan de:graamg enzymes that have
such sequences of amine acids. The hyalurosen degrading enzyme 15 selected from
among the other variants thereof. The other variants are selected from among
polypepiides having at least 60%, 65,70, 75, 80, 85, 88%, 80, 01, 92, 93, 64, 95, 96
57, 88, 99% or meore sequencs identity along their full length to a contiguons sequence
of arpino acids from the that set forth in SEQID MO, 4-9.and 47-48 as long as the
polypeptide 1 soluble and exbibits hyaluronidese activity (f.e can dagrade
hyalurenan), which can be assessed by methods known to one of skill in the art
including methods described hergin.

in particular, the hyaluronan degrading enzyme can be polypeptide that is
nroduced by expression of the puckeic acid molecule that encodes armine acids 1-482
or 36-482 (i.e. , as set forth in SEGQ ID MG 1) of the human PHI0 soluble

hyaluromdase or allelic or species or other vanants thereof. Expression can include
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expression and secretion in cells, such as CHO cells. For example, the composition is
designated recombinant human PH20 (rfHuPH20}, w‘nich is produced by expression of
nucleic acid encodmg amino acids 36-482, linked to vuclezc acid encoding a signal
sequence for secretion, such as amino acids 1-35,.in CHO cells, rHuPH20 15 1solated
fi’Dfi’_}“ the medium. F ollowing isolation it is modified, such as by reaction with ons or

more pmgylanon mowm es. (PEG) or other polymer, Other hyaluronan degrading

: cn?ymfﬁs can be similarty modified and can be produced bv recombinant expression or

1solated from natural sources.  Such methods and products are known to those of skill
in the art. '

Exernplary potymers for modification of the hyaluronan degrading enzyme
include, but are not limited fo, methoxy-poly({ethylene glycol)-succinimidyl butancate
(rmPEG-SBA) (5 kDa); methoxy-poly(ethylene glycolj-suceinimidyl butanoate
{mPEG-8BA) (20 kDa); methoxy-poly{ethyviene glycol)-succinimidy] butanoate
(mPEG-SBA) (30 kDa); methoxy-polvlethiviene glveol)-succinimidy] -
methyibutanoate (mPEG-5MB)Y (20 kDa); meihof} polylethylens glyooli-
sucoinimidy] a-methylbutanoate (mPEG-5ME) { 30 kDa); methoxy-poly(ethylene
glyﬁ:ol)—butym}dehyde {(mPEG-butyraldeshyde) (30 ka), methoxv-poly(ethylens
glycol)-succinimidyl propionate (mPEG-8PA) (20 kDa); methoxy-poly(ethviene
giveol)-succinimidyl propionate (mPEG-SPAY (30 kDa); (methoxy-poly{ethylene
giyeoly) o-N-hydroxysuccinimide ester (mPEG,-NHS) {10 kDa branched); (methoxy-
poty(ethylene glveol)) -N-hydroxysuccinimide ester (mPEG,-NHS) (20 kDa
branched), (methoxy-polv{ethvlene glycol)) -N-rydroxysuccinimide ester (mPEG,-

HE} {40 kDa branched); {methoxy-poly(ethylene glycol)) -N-hydroxysuceinimide
ester {mPEG,-NHE) (60 kDa branched); biotn-polviethylene glycol}-N-
hydroxysuccinimide ester (biotin-PEG-NHE) {5 kDa biotunvlated); poly{ethylene
giycoi)mp—nitmphanyl carbonate (PEG-p-nitrophenyl-carbonate) (30 kida); and
polyiethylene glyecol)-nriopionaldenyde (PEG-propionaldetivde) (30 kDa).

PEG moieties are well known, and inchude those that are commercially
available or that can be synihesized. PEG moieties can be branched or linear PEG,
such as a methoxy-PEG (mPEG), including, for example, 2 linear M-

hydroxysuccintrmidyl ester of methoxy poly(ethylene glycol) butanoic acid. The
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molecutar weight of the PEG can be anything suitable, such as 30 or about 30
kiicdaltons.

When the hyaluronan degrading enzyme is modified, the specific activity can
be reduced. To compensate, a greater amount (weight) of the modified apecies i3
& Jp"s_oy&d. For example, the specific activity of a PEGylated rHuPH20 can be 2- or 3-
ot 4-fold less or about 2- or 3- or 4-fold less than the specific activity of a native
rHuPH2Z0, Dosages are adjusted accordingly to deliver the desired units,  Dosages
depend upon the disease or condition and parficular hyshironan degrading enzyme,
such as the particular hyaluronidase, and modification thereof. Typical dosages are at
ot about 10 to 50,000,000 Units, 10 10 406,000,000 Units, 10 1o 36,000,000 Unais, 10
to 12,000,000 Uni‘ts, 10 t¢ 1,200,000 Units, 10 to. 1,000,000 Units, 10 to 500,000
Units, 100 to 100,000 Units, 500 to 50,000 Units, 1000 to 10,000 Units, 5000 t0 7500
Umnits, 50060 Unitg to 50,000 Units, or 1,000 10 10,000 Units of soluble hyaluronidase.
In instances where the hyaluronan degrading enzyme is not a hysluronidase, typical
dosages are functionally equivalent to at or about 10 to 50,860,000 hvaluronidase
Units, 10 fo 40,000,000 Units, 10 to 36,000,000 Units, 10 to 12,000,600 Units, 10 fo
1,’2001(}00 Unitg, 10 to 1,000,000 Units, 10 to 500,000 Units, 100 1o 100,000 Units,
500 to 30,000 Units, 1000 to 10,000 Units, 3060 to 7500 Units, 5000 Units to 50,000
Units, or 1,000 010,000 hyaiuronidase Units. Such dosages are selected 10 or can be
used o effect at least 2 25 %, sbowt 25 %, 50 % or about 30 % decrease of Interstitial
fluid pressure in a tissue of the subject, which can bé maintained for more than ahout
ortorl imﬁrs: or at least & or af least about § hours, at least 24 or at least zbout 24
hours, at least 48 or at least about 48 hours or at least 72 or at east about 72 hours,
following the administration.

Administration of the modified hyaiu.mnan degrading enzyme composition,
such as 2 modified hyaluronidase composition, can effect changes in vascular volume,
such as m a tumoer. Such changes can be at least Z-fold or about 2-fold or at least 3-
fold or about 3-fold increase in the vascular volume of a tissue in the subject.
Administration of the composition containing a hyahwonan degrading enzyme cag
eitect at least a 25 % or sbout 25 % or at least a 50 % or about 50 % rézdm;tisn in

water content in a fissue of the sebject. These changes can be maintained or
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manifested for af least 8 or about 8 hours, at least 24 or about 24 howrs, at least 48 or
about 48 hours, or at least 72 or about 72 hours following administration of the
composition containing the hyaluronan degrading enzyme.

Adminisiration of the composition containing a hyaluronan degrading enzyme
can effect a decrease 1n the percentage of hyaluronan positive cells in a tissue of the
subjf:ct. The hyaluronan-posicive cells can ocour in 2 tumor, suuh as a solid tarnor,

reatment can effect a réduction in the size of a tumer in the subject,

Admimstration of the composition containing e hyaloronan degrading enzyme
can be manifested and/or observed as a hryalaronidase activity in the blood of the
subject. The half-life of the hvaluronidase in the blood of the subject 1s at least 1 or
about 1, 5 or about 5, 8 or about &, 10 or about 10, 15 or about 15, 24 or about 24, 48
or about 48, or 72 or about 72 howrs, For example, where the administration of the
composition containing a hyaluronan degrading enzyme resuits in byaluronidase
activity in the blood of the subject, one milliliter of plasma from the subject has at
ieast 5 %% or about 5 % of the total hyaluronidase activity administered to the patient
for at least 1 or about 1, S orabout 5, 8 or about &, 10 or abowt 10, 15 or about 15, 24
or about 24, 48 or about 48, ar 72 or about 72 hours.

Also provided are combinations that contain:

a first composition containing an effsctive amount of & hyaluronan degrading
enzyme for lowering interstitial fluid pressure, where the amount lowers interstitial
fluid pressure for rmore thap 24 hours; and an amownt of hyaluronan degrading
enzyme 15 functionally eguivalent to betoveen at or about 10 to 1,600,000, zbout |
50,006,000 Units, 10 0 40,000,000 Units, 10 o 36,000,000 Units, 10 to 12,600,000
Units, 10 to 1,200,000 Units, 10 to 1,000,000 Units, 10 to 500,000 Units, 100 to
100,000 Units, 500 to 50,000 Units, 1000 to 10,000 Units, 5000 to 7500 Units, 5000
Units to 50,000 Units, or 1,000 w 10,000 hyaluronidase; and 2 second composition
co:rz_taining an agent for treating a hyaluronan-associated disease or condition.

The hyaluronan degrading enzyrnes are modified by onjugation o a pelymer,
such as one that increases half-life of the hyalurenidase. Bxemplary polvmers, include
dextran, a sialation or pegyiation molety and/or combinations thereof. The

ayaluronan degrading enzymes can be soluble hvaluronidases, which can inchude



L

10

b

30

those selected from among non-human animal hyaluronidases, human hyaluronidases -
and bacterial hyaluronidases as described above, and include the soluble
hyaluronidase 19 @ seluble form of 2 PH2( described above for use in the methods,
The second agent or treatiment includes any set forth above for vse in the methods,
By virtae of methods herein, cancers and othér diseases that contain
perjcellular matgees that rich in proteoglycans thal contain hyaluronan are treated.
Such cancers and other diseases are amenable to freatrment with modified soluble
hyaluronidases and other agents as described herein {above and be:mw) Asg detailed
herein, contact with a modified hyaluronan degrading snzyme, such pegylated
THuFH20, results in collapse of the periceliular coats. As exemplified pegylated
rHuPH20 (PEGrHUPH20) reduced tumor IFP in a dose dependent fashion, achieving
more than §5% reduction in IFP following IV administration. Peritumoral HA
remained depleted over 3 days afier a single dose of PEGrHuPHZ6, Along with
higtologic collapse of pericellular hyahironan surrounding the tumor cells, turor
water content significantly decreased over 3 devs, consistent with changes detected in
the tumor by Apparent Diffusion Coefficient {ADC) MRI and IFP monitoring.
Furthermore, as excmplified & 3.5-101d selecfive increase in tamor vasoular volume
was achieved within & hours pest-dosing as a result of vascular decernpression of
blood vessels within the tumeor. This was confirmed by histelogy and ultrasound.
Such hyaluronan in the tumor microenvironment can be targeted with soluble
modified hyaluronidases, such as pegyiated riuPH20 (PEGrHUPH20). As
exemplified also, co-administation of pegylated rHuPH2Z0 with a chemotherapeutic
agsnt, sueh as docetanel or liposomal doxorabicin, can increase the anti-tumor
activity of the chemoetherapeatic agent in animal models compared {0 when the
chemotherapeatic agent is administersd alone,
BRIEF DESCRIPTION OF THE FIGURES

A

Figure 1 depicts the tumor volume in pude mice inoculated intramuscularly

=i

)

with human PC3 prostate cancer cells to establish tumors (PC3 Prostate Carcinorma
Model}. Following inoculation, the mice were subjected to treatmnent regirnens in

which doses of either active pharmaceutical ingredietn (APT) buffer, 30 mo/ke

docetaxel, 10 ma/fke docetaxel, PEGyiated rHePH2G (P) or PEGylated € HuPH20
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pluslOmg/kyg docetaxel (T+P) were administered. The tumor volumes were meésurfad
at various Hime points to assess the effect of co-administration of PEGylated rHuPH20
with docetaxel on the anti-tumor activity of docetaxel.

Figure 7 depicts the percentage of mice survival té 1500 mm’ tumor volume
at various points following 'intramnfscuj ar uyection of human PO3 prostate cancer
calls, miiow ¢ by freatmment with either buifer (control mic ti) docetaxel, PEGylated
rHuPHZ0 or PEGyiated rHuPH20/ docetaxel.

figure 3 depicts the tumor volume in nudfz mice incoulated intramuscularly
with human PC3 prostate cancer cells to establish tumors (PC3 Prostate Carcinoma
Model). Following inoculation, fhe mice were subjected 1o treatrnent regimens in

winch doses of either API buffer, PEGyiated rHuPH20 (P), iposomeal doxorobicn
{D) or PEGvlated rHuPH20 plus h'posc nal dox omblcm (DFF) were administered.
The mmor volumes W e measured al various fme points to assess the effect of co-
administration of PEGylated rHuPH20 with liposomal doxorubicin on the anti-tamor
activity of liposcmal doxorubicin.

Figure 4 depicts the body weight change (in percentage) following
adrninistration of 3000, 7000, 10000, or 30000 Units of PEGviated rHuPH20 (P) on
days 0, 3,7, 10,14, 17, 21

Figure 5 depicts the body weight change (in percentage) following co-

dmimistration of 10 mg/ke docetaxel with either 3000, 7000, or 10000 Units of
PEGylated rHuPH2ZO (T+P) to nude mice on dave 0, 7, 14 and 21, These mice also
received either 3000, 7000, or 10000 Umits of PEGylated rtHePHZ0 on days 3, 10, 17
and 24. The body weight change of mice that received only API buffer or 10 mp/kg
doctaxel zlso are depicted.

Figure 6 depicis the number of g:ramﬂocyé:es in the blood of nude mice
administered various doses of either PEGylated rHuPH20 with 10 mg/kg Taxotere®
{docetaxel), PEGylated rHuPH20 alone, Taxotera® (dovetaxel) alone or AP buffer
atope. Mice in group | received APT buffer ondays 0, 3, 7,10, 14, 17, 21, 24; Groups
2-5 received PEGyiated rHuPH2G at 2 dose of sither 3000, 7000, 16000 or 30000
units/mouse, respectively, on days 0,3, 7, 10, 14, 17, 21, 24; Groups 6-8 were co-

adrmimisterad Taxotere® (docetaxeal) with either 3000, 7000, 10000 units/meouse
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PEGylated rHaPH20, :sspamﬁweiy, ondays 0,7, 14, 21 and then PEGylated
rHuPH20 alone on days 3, 10, 17, 24; Groups ¢ and 10 received 10 mgfcg Taxotere®
{docetaxel) or 30 mg/kg Taxotere® (docetaxsl), respectively, on days 0, 7 and 14,
The number of granulccytes n the blood at various time points was then agsessed.

] Figure 7 depicts the albumin levels in the serum of mice nude mice
administered various doses of either PEGyvlated rtHuPH20 with 10 mg/kp Taxotere®
{docetaxel), PRGyiated tHuPH20 alone, Taxoiere® (docetaxel) alone or API buffer
alone. Mice in group | receivad API buffer ondays G, 3, 7, 10, 14, 17, 21, 24; Groups
7-5 received PRGylated rHUPH20 at a dose of either SOGO 0G0, 10000 or 30008

10 vnits/mouse, respectively, on davs 0,3, 7,10, 14, 17, 21, 24; Jroups 6-8 were ¢o-
administered Taxotere® {docetaxel) with either 3000, 7000, 10000 units/mouse
PEGylated tHuPH20, respectively, on days 0, 7, 14, 21 and then PEGvlated rH0PH20
alone on .{iays 3,10, 17, 24; Groups % and 10 received 10 mg/ky Taxotere®

{docetaxel) or 30 mg/kg Taxotere® {docetaxel), respectively, on days G, 7 and 14,

15 Fieure 8 depicts the effects of repeated adminisiration of PEGylated
rHuPH2O, alone, in the HA-rich human prostate tumor xenograflt model, PC3. As
deseribed in Exampls 164, micaz were injecte ed on days ¢, 3,5, 7,10, 12, 1dand 17,
with control buffer and variows amounts (enzymatic units (U)) of PEGylated HuPH20.
turpor volume {(mm”ywas measured over the course of the study in cach group of
20 andmalg, at days 2,4, 7, 11, 14 and 18 by capturing bmages using the Visual Sonics®

ultrasound systern and wsing an ulirasound imeaging software program, These resulis
also are set forth in Table 25
Figure 9 depicts the tumor volume and percent survival in three different
tumnor models (PC3, 4T1-GFP, Mat LyLa), having varying degrees of hyvaluronan
25 (HA) mrnor expression (i, ++ a.nd +3, following adwunistration of AP buffer or
3000 U PEGylated rHluPH20, The results arg deseribed in Example 17C, and zlso are
set forth in Tables 33-37. As noted in Hxample 17, the effects was assessed in each
model by determining the percentage of “surviving”™ anirals at each timne-point in
each group. For this study, a tomor volume of greater than or equal to 1500 rRm” Was
30 selected as an endpoint, which was considersd analogous o 2 moribund (non-

surviving) state and animals with famor volumes below 1500 mm were considere



10

25

[
4

40

S g

surviving, while animals with tumor volumes 1500 mm® or greater were considered
morbid.

Figure 10 depicts the percentage of mice surviving at various points following |
treatment with PEGvlated rHuPH20 or control buffer in a PC3 brain tumor model, as
de_scfibed i Example 18, Survival was determined ay agsessing the number of mice
that were alive at the indicated time. ..

Figurs 11 depicts the perceniage of mice surviving at various points following
treatment with control buffer, irradiation, or combination therapy of irradiation and
PEGylated rHuPH20 in & PC3 brain tumor model, as described in Example 18.
Survival was determined by assessing the number of mice that were alive at the
indicated time.

Figure 12 depicts a PK regression curve after administration of PEGylated
rHuPH20 m mice,
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A DEFINITIOMS
Unless defined otherwize, all technical and scientific terms used herein have
{he same meaning as 18 commmonty understood by one of gkill in the art to which the
invention{s) belong. All patents, patent applications, published applications and
publications, Genbank sequences, databases, websites and other published matenals
referred to throughout the e disclosure herein, unless noted otherwise, are
incorporated by reference in their entirety. In the event that there is a plurality of

definitions for terms herein, those in this section prevall,  Where reference is made io
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a URL or other such identifier or addrers, it understood that such identifiers can
change and particular information on the internet can come and go, but equivaient
information can be found by searching the internet. Reference thereto evidences the
availability and public dissemination of such information.

Asused herein, dosing regime refers to the amount of agent, for example, the
compoesitdon contaiming a soluble hyaluronidase or other agent, administered, and the
freguency of admministration. The dosing regime is a fimction of the disease or
condition o be treated, snd thus can vary.

Az used hersin, frequency of adminisiration refers to the time batween
successive administrations of treatment. For example, frequency can be days, weeks
or months, For example, frequency can be more than once weelly, for example,
twice a week, three times a weel, four times a weelk, five times a week, six times 4
wesk or datly, Frequency also can be one, two, three or four weelks. The particular
frequency is function of the particnlar disease or condition treated. Generally,
frequency 15 more than once weekly, and generally is twice weekly.

Asuged h:rmm, z “cycle of administration” refers to the repeated schedule of
the dosing regime of administration of the enzyme and/or a second agent that is
repeated over successive adminisirations. For example, an exemplary cyele of
administration 13 a 28 day cycle with administration twice weekly for thrse weeks,
followed by one~week of discontinued dosing,

Asused herein, “predeterrmined” with reference to a number of weeks of
adminisitaiion or discontinued adnumistration refers 1o 2 penied of ime that is decided
or estabished in advance. The period of time can be empirically determined and 15 a
function of the disease or condition, the severity of the condition, the particular
paiient and other factors within the level of sldll of a eating physician.

As used herein, a hyaluronan degrading enzyme refers to an enzyme that
catalyzes the cleavage of 2 hyaluronan polvmer {(also referred fo as hivaloronic acid or
MA) into smalier molecular weight fragments. Exemplary of hvaluronan degrading
snzymes are hyaluronidases, and particular chondroitineses and tyases that have the

lity to depolymerize hyaluronan. Exemplary chondroitinases that are hyaluronan

degrading enzymes include, but are not Hmited to, chondroitin ARC lvase (also
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known as c:hondmitinase ARC), chondrottin AC lyase {also known as chondroitin
sulfate Iyase or chom}mztm sulfate eliminase) and chondroitin C lyase. Chondroitin
ABC lyase comprises two enzymes, chondroitin-sulfate-ABC endolyass (EC 4.2,2.20)
and chondroitin-sulfate-ABC exolyase (BC 4.2.2.21). An exemplary chondroitin-
sulfate-ABC endolyvases and chondroitin-sulfate- ABC exolyases include, but are not
fmited to, those ﬁfom Proteus vulgaris and Flavobacterivm hepayinum (the Proteus
m[gam chohdroitin-sulfate-ABC endotyase is set forth i SEQ 1D NOSE; Sato af ol
(1994} Appl. Microbiol. Biotechnal 41(1}3:39-46). Exemplary chondroifinase AC
enzymes from the bacteria mclude, but are not limited to, those frorn Flavobacrerium
heparinum Vietivallis vadensis, set forth in SEQ ID NG99, and Arthrobacter
auwrescens {Tkalee et al. (2000} Applied and Environmenial Microbiology 66(11:29-
35; Brnst ef al, (1993) Critical Reviews in Biochemistry and Moleculor Biology
A(5V387-444). Exemplary chondroifinase C enzvmes from the bactenia include, but
are not limited to, those from Streprococcus and Flavobacterium (Hibt et al. (1989)
FEMS-Microbiol-Leri. 43(2:121-4; Michelacer et al. (1976} J. Biol, Chem. 251:1154-
R; Tsuda er gl (1999 Bur. J, Biochem. 262:127-133),

As used herein, hyaluronidase refers to a class of hyalmronan degrading
ENZYINSS, *{vai_zroamaa es inchude bacierial hyaluronidases (EC 4.2.2.1 or £C

4.2:89.1), hyaluromdases frorn leeches, other parasites, and crustaceans (EC

[

2.1.36),

end memmalian-type byaluwronidases (EC 3.2.1.35), Hyaluronidases incinde any o

Py

non-hurnan origin including, but not Hmited io, murine, canine, feline, leporine, avian,
bovine, ovine, porcing, sguine, plscine, ranine, bacterial, and any from leeches, other
parasites, and crustaceans. Exemplary non-human hyaluronidases inchude,
hyaluronidases from cows (8BQ 1D NOS:10, 11, 64 and BHSS (U.C. Patl. Nos.
5,747,027 and 5,827, 7213, veliow jacket wasp (SEG ID NOS:12 and 13}, honey bee
(SEQ D MNO:14), white-face hornet (SEQ ID NO:15), paper wasp (SEQ ID NO:146),
raouse (SEQ 1D NOS:17-19, 31, pig (SEG D NOS5:20-21), rat (SEQ 1D NOS:Z2-24,
A0y, vabbit (SEQ ID NO:Z5), sheep (SEQ 1D NOE26, 27, 63 and 65), champanzee
(SEQ ID N0, Riesus monkey (SEQ D NO1102), orangutan (SEQ 1D NO:28),

cynomolgns monkey (SEQ ID MNO:29), guinea pig (SEQ 1D NO:32), drehrobacter sp

o A

in FB24) (SEQ 1D MO6T), Bdellovibrio bacteriovorus (SEQ 1D MO168),
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Propionibacterium acnes {(SEQ 1D NO:69Y, Streplococens agalactias {(SEQ 1D
NO:70); 18R82Y (BEQ 1D NOG:71); serotype la (SEQ ID NG:72); serotype 111 (SEQ
Ty NO:T3), Staphylococcus aureuws (strain COL (SEQ ID NO:74); strain MRSA252
(SEQ D NOS:75 and 76); strain MESA47T6 (SEQ ID NOT77), strain NCTC 8225
(5EQ ID NO:78); stramn bovine RF122 (SEQ 1D NOS:79 and 80); strain USA300
{(SEQIDNO 81;, Streptococcus preumoniae ((SEQ ID NO:E2)Y,; stratn ATCC BAA-
255/ R6 (SEQ i, NCHR3Y; serotype 2, strain D39/ NCTC 7466 (SEQ ID NO§4),
Streptococcus pyogenes (seratype M1) (SEQ ID \IO 85Y; serotype M2, strain
MUGASTO270 (3EQ 1D NO:86); serotype M4, strain MGAST0750 (SEQ ID NO:8T),
serotype M6 (SEQ 1D NO:8&); serotype MIZ, strain MGASZ096 (3EQ 1D NOS:89
and 90Y; serotype M12, sirain MGAS0429 (SEQ ID NO:O1); serotyvps M28 (SEQ ID
NO2Y; Streprococeus suts (SEQ 1D NGS:93-85Y; Vibrio fischeri (strain ATCC
TO060Y £5114 (SEQ 1D NO:96)), and the Sireplomyces hyaluronolyticus
hyaluronidase enzyme, which is specific for hyaluronic acid and does not cleave
chondroitin or chondroitin saifate (Ohya, T, and Kaneko, Y. (1970) Biochim. Biophys.

Acta 198:607). Hyaluronidases also include fhose of human origin. Exemplary
human hyaluronidases include HY ALL (SEQ ID NO:36), HYALZ (S8EQ ID NO3T),
HYALS (SEQ ID NOSB8Y, HY AL4 (SEQ ID NG:39), and PH20 (SEQ ID NO:1).
Also inchoded amongst hyaluronidases are soluble hyaluronidases, including, ovine
and bovine PHZ0, soluble human PH20 and sotuble rEuPH20. Examples of
commercially available bovine or ovine soluble hyaluronidases Vitrase® (ovine
hyaluronidase) and Arnphadase® (bovine hyaluronidase),

Reference to hyaluronan degrading enzymes inciudes precursor hvaluronan
degrading enzyme polypeptides and matare hyaiumnan degrading enzyme
polypeptides (such as those 1n which a signal sequence has been removed), truncaied
forms thereof that have activity, and includes allelic variants and SpEeCies varianis,
vartants encoded by splice variants, and other variants, including polypeptides that
have at least 40%, 45%, 50%, 55%, 63%, 70%, 75%, BO%, 85%, 90%, 95%, 96%,
87%, 98%, 99% or more sequence identity to the precursor polypeptides set forth in
SEQ I NOS: 1 and 10-48, 63-55, 67-102, or the mature form thereof. For example,

reference o hyaluronan degrading enzyme alse includes the huraan PH20 precursor



- 330

polypeptide variants set forth in 8EQ ID NOS:50-31. Hyaluronan degrading enzymes
also include those that contain chemical or posttransiational modificetions and those
that do not contain chemical or posttranslational modifications. Sueh modifications
include, but are not limited to, pegylation, albumination, glycosylation, farnysylation,

5 carboxylation, hydroxytation, phosphorylation, and other polypeptide medifications

known in the art

As used herein, a soluble hyaluronidase refers to a polvpeptide characterized
by its solubility under physiologic conditions. Soluble hyaturonidases can be
distingished, for example, by its partitioning info the agueons phase of'a Triton X-

10 114 solufion warmned 1o 37°C {Bordier et al., (1981} I, Biol. Chem,, 256:1604-7).
Mermbrane-anchored, such as lipid anchored hyaluronidases, will partition inte the
datergém rich phase, but will partition into the detergent-poor or agueous phase
following treatrent with Phospholipese-C. Included among solub Chthli"ﬂﬂlﬁd‘%fﬁx
are membrane anchored hyaluronidases in which one or more regions associated with

15 anchoring of the hyaluronidase to the membrane has been removed or modified,
where the scluble form retains hyaluronidase activity. Scinble hyaluronidases include
recarabinant soluble hyaluronidases and those coniained in or purified from natural
sources, such ag, for exarnple, testes extracts from sheep or cows, Dxremplary of such
soluble '}1yami‘onidases are soluble human PH28. Other soluble byaluronidases V

26 include ovine (SEQ 10 MOS:27, 63, 65) and bovine (SEQ ID MOS:11, 64) PHE

Az used herein, soluble human PH20 or sHuPH20 inchude mature
polvpeptides Jacking all or a portion of the glvecsylphospatidylinositol (GP
attachrnent :,1 te af the C-terminas such that upon expression, the polyoeptides are

1

soluble. Exemplary sHuPH2Z0 polypeptides inchude mature polypeptides having an

2
L

arnino acid sequence set forth in any one of SEQ ID NOS5:4-8 and 47-48, The

,«

precursor polypeptides for such exermplary sHuPH2O pelypeptides include a signal
sequence. Exemplary of the precursors are those set forth in SEQ [D NOBS:3 and 40-
46, each of which contains & 35 arnino acid signal sequence at amino acid positions 1-
33 Scluble HuPH20 polypeptides also include those degraded during oy after the

30 preduction and purification methods described herein,
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As used hersin, soluble recombinant human PH2Z0 fHuPH20) refers i a
soluble form of human PH20 that is recombinantly expressed in Chinese Hamste:r
Ovwary (CHO) cells. Soluble tHuPH20 is encoded by nucieir acid that inchades Ihe

sienal sequence and is set forth i SEO 1D NG9, Also inchuded are DMNA molecules
ooy -

b

0

that are allelic variants thereotf and ofher soluble varants. The mucleic acid encoding

soluble tHUPHZO is expressed in CHO ceils which secrete the mature polypeptide.
As produced in the culture mediurn, there 1s heterogeneity at the Coterminus so that
the product includes a mi sture of species that can include any one or more of SEQ
ID MNOE. 4-5 in various abundance. Corresponding allelic variants and other variants
aiso are incloded, including those corresponding 1o the precursor human PH20
t}oiyy}eptidas set torth i SEQ 1D NOS:50-51. Other variants can have 60%, 70%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity with any of BEQ 1D NOSB.4-9 and 47-48 as lonyg they retain a
hyaluronidase activity and are soluble.

Asused herein, a hyaluronidase subsirate refers to a substrate (e.g. protein or
polysaccharide) that is cleaved and/or depelymerized by a hyaluronidase snzyme,
Generally, a h.yalumuidas;* subsirate is a glycosaminoglycan, An sxemplary
hyaluronidase sobstrate is hyaluronan (FLAY

| Arused hersin, 8 hyaluronaen-nssociated diseage, disorder or condition refers

io any disease or condition in which hyahuronan Jevels are slevated as cause,
consequence or otherwise observed m the disease or condition. Hyaluronan-

wsociated diseases and conditions are associated with elevated hyaluronan expression
2 fissue or cell, increased inferstitial fhoid pressore, decreased vascular volume,
and/or increased water confent in a tissue. Hyaluronan-associated diseases, disorders
or conditions can be treated by administration of 2 composition containiag 2
byaluronun degrading enzyme, such as a hyaluronidase, for example, a soluble
hyaluromdase, sither alone or in combination with or in addition to another treatment
and/or agent. Exemplary dissases and conditions, include, but are not Hmited to,
hyaluronan-rich cancers, for examplie, umors, including solid tumors such as late.
stage cancers, a metastatic cancers, undifferentiated cancers, b‘va"\rian CATICET, in sl

carcinoma (I5CY, squamous cell carcinorma (SCCY, prostate cancer, pancreatic caneer,
kY Fa 1 N X by
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non-small cell lung cancer, breast cancer, colon cancer and other cancers,  Also
exemplary of hysluronan-associated diseases and conditions are diseases that are

wssociated with elevated interstitial fluid pressure, such as diseases ddsouaieﬂ with
disc pressure, and edema, Tor example, edema caused by organ transplant, stroke,
brain trawma or other injury. Exemp":al}f byalwronan-associaied diseases and
conditions include diseases and conditions associated with elevated interstitial fuid
pressure, decreased vascular volume, and/or increased water content in'a tissue,
wchading cancers, disc pressurs and edema. In one example, treatment of the
hysiurcnan-associated condition, disease or disorder mciudés amelioration, reduction,
&t other beneficial effect on one or more of increased mi'*rfsumd fhaid pressure (1IFP),
decreased veascuiar volume, and increased water content in 2 fissue.

Az used herein, elevated hyaluronan levels refers i amounts of hyaluronan

.

in particniar fissue, body fiuid or cell, dependent upon the disease or condifion.

r

consequence or otherwise observed in the disease. For example, as consequence of

E

the presence of a hyaluronan-rich tumor, hyaluronan (HA) levels can be elevated in
body fluids, such as blood, unine, saliva and serom, and/or in the mmorous Hssus or
ceil. The lovel can be compared to a standacd or other suiteble control, such as a

comparable sampie from a subject who does not have the H.Anasgoa::im d disease

As used herein, 2 polymer that iz conjugated to a hyaluronan degrading

enzyme, such as a hvaluronidase, refers to any polyrmer that is covale ntly or otherwise

Z

stably linked, divectly or via a linker, to a hyaluronan degrading enzyme. Such

polvmers, typically increase serum haiflife, and incioude, but are not Hmited to sialic

Lind

mmoieiies, pegylation moisties, dextran, and sugar and other moisties, such ag for
glycosyiation.

As used herein, a native hyathwonan degrading enzyme, ¢.g. a native soluble
hyaluronidase, i3 & hyaluronan degrading enzyme that has not been modified with a
polymer, for example, 2 pegyvlation rnmf:?y PEGY or siglation moisty. Hence, a native
hyaluronan degrading enzyme is unmodified. Typically, native hyaluronan degrading
enzyies, such as naive soluble hyaluwronidases, have decreased half-life in a
biological environment {e.g, in a sud 3}'“\:@} comparad to hyaluropan degrading enzyme

that have been modified by conjugation of 2 polymer, e.g. PEG.
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As used herein, specific activity refers to Units of actt vity per mg protein. The
nifigrams of hyaluronidase is defined by the absorption of a sohation of at 280 nm
assurning a molar extinction coeffcient of approxirmately 1.7, in units of M "em™

Asused hersin, actvity refers to a functional activity or activities of a
polypepiide or porfion thereof associated with & full-length {complete) protein,
Funetional activities include, but are not Iirnited to, biological activity, catalyiic or
enzymatic activity, antigenicity (ability to bind or compeie with a polypeptide for
binding to an anti-polypeptide antibody), mmuncpenicity, abi}ity o form multimers,
and the ability to specifically bind to a receptor or ligand for the polypeptide.

used herein, hyzluronidase activity refers to the ability to enzymatically
catalyze the cleavage of hyaluronic acid. The United States Pharmacopeia (ISP}

4

X1 assay for hyalwromdase determines hyaluronidase activity in 1imcﬁv by
measuring the amount of higher molecular weight hyaluronic amd or hyaluronan,
(HA.} substrate rernaining after the enzyme is allowed to react with the HA for 30 min
at 37°C (USSP XXIU-NF XV {1990) 644-543 United States Pharmacopeia

Convention, [ne, Rockville, MID). A Reference Standard solution can be used in an

NS

1, -

assay to ascertmin the relative acuvity, in units, of any hyaluronidase. 7n vitro assays
to determine the hyvaluronidase activity of hyaluronidases, such ag soluble tHuPH20,
are known i the art an-d described herein. Exemplary assays inchude the
microturbidity assay described below (see e.g. Example 3) that measures cleavags of
tvaturonic acid by hyaluromidase indirsctly by detecting the insoluble precipitate

~

formed when the uncleaved hyaluronic acid binds with serum albumin, Reference

Standards can be wsad, for example, 1o generate a standard curve to detrmine the
activity in Units of the hyaluronidase being tested.
Az used herein, a unit of activity of a hyaluronidase refers to a U.S.P. National
Formulary (NF 2T} unit (NFU), as determined by comparing to standard
hyaluronidase samples (e.g., USP or WHO standard), for example, usis g the turbidity
redusing ELISA-based assay described in Example 7 herein, whereby turbidity
reducing units are related to the NFU, and ULEP. umt throueh a standard curve of 8
samnple of hyaluronidase {e.g., USP or WHO standard) standardized through the

U.B.P. Thus, the enzyme activities as éetermined in Example 2 are relative TRU (see,

o h,
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for example, Dorfiman et al., 1948 J. Biol, Chem. 172: 367) A hyaloromidase unit is
normalized to the standard activity. Hence, for example, pegylated hyaluronidase can
exhibit lower activity/mg. For purposes herein, dosages reference units. Units/mg |
(standard activity) of a particuiar modified hyvaluronidase can be daiﬁﬁninad
empirically if needed,

Agused herein, “functionally equivalent amcﬁn‘t"’ or grammatical vaniations
thereof, with reference to a hvaluronan c}:dcrmdmg, enwyme, refers to fhe amount of
hyaluronan degrading enzyme that achiesesthe same effect as an amount of a
reference enzyme, such as a hyaluronidase. For example, the sctivity of any

hysluronan degrading enzyme can be compared to the activity of tHuPH20 to

determine the functionally equivalent amount of a hyaluronan degrading enzyme that

would achieve the same effect as a known amount of rHuPH20. For example, the

ability of a hyaheronan degrading enzyme o act as a spreading or diffusing agent ¢
. X focd el o

be assessed by injecting it into the lateral skin of mice with frypan blue (see e.p. U.S.
Pat, Publication Mo, 2005025801¥0), and the smount of avaluronan degrading enzyme

required o achieve the same amount of diffusion as, for example, 100 units of a

Hyaluronidase Reference Standard, can be determined. The arnount of hyaluronan
degrading enzvme required 1s, therefore, Tonctionally egaivalent to 100 units. In
another cxammlu the ability of a hyaluronan degrading enzyme to incresse the in vivo

o 1

wotivity of a co-administered agent (8.2, the anti-tumor activity of a chemotherapentic

[

agent) can be assessed in animal models or human subjects, such as deseribed in
Exarmple 14: and the amount of hyaluronan degrading enzyme required to achieve the
same 1ncrease in. the activity of the co-administered agent as, for example, the
admministerad quantity of rfHuPH20, can be determined.

As used herein, the residues of naturally ccourring &-aﬁ‘nino acids are the
residues of those 20 r~-amino acids found in nature which are incorporated into protein
by the specific recognition of the charged (RNA molecule with its cognate mRENA
codon in humans. '

As vsed herein, nucleic acids include DNA, RNA and anslogs thereof,

nchuding peptide nucizic acids (PMA)Y and mixtures thereof. MNucleic acids can be

single or double-stranded. When referring to probes or primers, which are optionally
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labeled, such as with a detectable label, such as a fluorescent or radiolabel, single-
stranded molecules are contemplated. Such molecules are typically of a length such
that their taz;get 15 slatistically unique or of low copy number {typically less than 5,
generally less than 3) for probing or priming a Hbrary, Generally a probe or primer
contains at least 14, 16 or 30 contiguous nucleotides of sequence complementary to or
identical to a gene of infere cst. Probes and primers can be 10, 20, 30, 50, 100 or more
nucieic acids long _

As used herein, a peptiderefers to a polypeptide thatis from 2 to 40 amino
acids in length.

Asg used herein, the amino acids which ocour in the various sequences of

amino acids provided herein are identified according to their known, three-letter or

one-letter abbreviaﬁons {Table 1). The nucleotides which ocour in the various nucleic
acid fragments are designated with the standard single-letter designations vsed
routinely m the art,

As used herein, an “amino acid’ 15 an Organic compound CONAININg an amino
group and a carboxylic acid group. A po‘ype}aﬁde contains two of mors amino acids,
For purposes herein, aming ac ;cm inchude the twenty naturaily-occurring aming acids,

won-natural amino acids and amino acid an,ilog; {i.e., amino acids wherein the o-
carbon has a side chain).

As used herein, “amino acid residue” refers to an araine acid formed upon
chemical digestion (hydrolysis) of a polypeptide at its peptide linkages. The amino

acid residues described herein are presumed to be in the “L” 1someric form. Residues

m the “D” isomeric form, which arg S0 designated, can be substituted for any L-arnino

acid residue as long as the desired funciional property is retained by the polypeptide,
NH; refers to the free amino group present at the amine ierminus of a polypeptide.
COOH refers o the free carboxy group present at the carboxy! terminus of a
polypeptide. In keeping with standard polypeptide nomenclature described in /. Biol.
Chem., 243: 3557-3550 {1968), and adopted 37 CF.R. §§ 1.821-1.822, abbreviations
for amino acid residues are shown in Table It

Tabie 1 - Table of Correspondonce

% SYMBOL

ened
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1-Letter 3-Letter | AMING ACID
Y Tvr . Tyrosing
G Cily Glycine
F Fhe Phenylalanine
M Mat Methionine
A Ala Alarine
s Ser Serine
I e | Isnleucine
L Leu i ‘Leucine
T Thr Threonine
vV YVal Valine
P Pro nroline ' ;
K. Lys . Lysing
H His Histidine
0 Gin Glatlamine
B Gl elutamic acid
Z Gitx ‘ i and/or Glo
W Tip | Tryptophan
B Arp ’ Arginine
D ASD aspariic agid |
T ' Asn ASDATATInG |
B : Asx ;
C Coyg Cvsteine
o Hag | Usnknown or other

It should be noted that 2]l aming ascid residue seguences representsd herein by
formulas have a left to right onentation in the conventional direction of amino-
terminus to carboxyl-terminus. In addition, the phrase “amino acid residue” is
broadly defined to include the amino acids listed in the Table of Comrespondence
{Table 1) and modified and unusual amino acids, such as those referred o in 37

CER 56 1.821-1.822, and incorporated herein by reference. Furthermere, it should
be noted that a dash at the beginning or end of an amine acid residue sequence
indicates a peptide bond to 2 further sequence of one or more amino acid residuss, w©
an armino-terminal group such as N or to a carboxyl-terminal group such as COOH.

As used herein, “naturally occwming amino acids” refer to the 20 L-amino
acids that occur in polypepiides.

A5 used herein, “non-natural amino acid” refers to an organic compound that

has a structure similar to a natursl amino acid but has been modified structurally to

mimic the stracfure and reactivity of a natural amino acid. Mon-naturally ocourring

fisa

amino acids thus inckade, for sxample, amne acids or analees of amino acids other
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. than the 20 naturally-occurring amine acids and include, but are not limited fo, the D-
& 3

isostereomers of amino acids. Exemplary nou-natural amino acids are described
herein and are known to those of skill m the art,

Asused herein, 8 DNA construct 1s a single or double stranded, linear or
cireular DNA molecule that contains segments of DNA combined and juxtaposed ina
manner not found in nature. DNA constructs exist as a result of human ranipulation,
and include clones and other copies of manipulated molecules.

Asused herein, a DMNA sepment 18 a portion of 2 larger DNA molecule having
r & o

- specitied attributes. For example, a DINA sepment encoding a specified polypeptide

15 a poftion of 2 longer DNA molecule, such as a plasmid or plasmid fragment, which,
when read from the 57 o 37 direction, encodes the sequence of amino acids of the
specified polypeptide.

Asused herein, the term polynucleotide means a single- or double-stranded
polymer of deoxyribonucizotides or ribonucieotide bases read from the 5° to.fhe 3°
end. Polynucleotides include RINA and DNA, and can be isolated from naiural
sources, svnthesized in vifro, or prepared from a combination of natural and synthetic
molecules. The length of a polynucleotde molecule is given berein in terms of
mucleotides {abbreviated “nt™) or base pairs (abbreviaied “bp™). The term mucleotides
15 used for single- and double-stranded molecules where the context permits. When

{he term 15 applied to double-siranded molscules 1t is used to denote gverall length

jw)

and will be understood (o be eaquivalent to the term base pairs. 7t will be recoenized
I o

by those skilled m the art that the two strands of 2 double-stranded polynucieotide can
differ slightly in length and that the ends thereof can be staggered; thus all nucisotides
within a double-stranded polynucieotide molecule can not be patred. Such unpairéd
ends will, in general, not exceed 20 nuclestides in length.

As used herein, “similarity” between two proteins or nuicleic acids refers to the
refatedness between the sequence of amino acids of the profeins or the nucleotide
sequences of the mucleic acids. Similarity can be based on the degree of identity
angd/or homology of sequences of residues and the residues contained therein.
Methods for assessing the degree of similarity between proteins or nucleic acids are

known to those of skill in the art. For example, in one method of assessing sequence
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similarity, two amine acid or nucieotide SEQUENCES ATe aiigped in & manner that vields
a maximal level of identity between the sequences. "ldentity” refers to the extent to
which the.amino acid or nucleotide sequences are invariant. Alipmment of amino acid
sequences, and to sorne extent nucleotide seguen ‘{:s; also can tzke into account
conservative differsnces and/or frequent substitutions in amino acids {or nucleotides),
Conservative differences are those that preserve the physico-chemical properties of
the residues involved. Alipniments can be global (alignment of the commpared
sequences over the entire length of the sequences and including all residues) or local
{the alignment of 2 portion of the sequences that includes only the most similar region
0T Fegions).

“Identity" per se has an art-recogmized m&aﬁing and can be caleuiated using
pubiished technigues. (See, e.g.. Computational Molecular Fiology, Lesk, A M., ed,
xford University Press, New York, 1988, Biocomputing: Informatics and Genome
Projects, Smith, D.W ., ed., Academic Press, New York, 1993; Compuer Aralysis of

Sequence Daia, Part I, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New
Tersey, 1994; Sequence Analvsis in Molecular Biology, von Heinje, G., Acadernic

‘ 7, and Sequence Analysis Primer, Gribskev, M. and Devereux, J, eds., M
Stockion Press, Wew York, 1921). While there exists a number of methods to
measure identity between two polynuelestide or polypeptides, the teom "identity” 15
well known to skilled artisans (Carilio, H. & Lipton, D, SI4M J Adpplied Math
48:1073 (1988)). '

As used herein, homologous {with respect to nucizic acid and/or amino acid
sequences) means about greater than or equal to 259 a‘saquence homology, typically
greater than or egual to 25%, 40%, 50%, 60%, 70%, 80%, 85%, 90% or 95%
sequence homology; the pre«z:isé percentage can te specified 1 necessary. For
purposes hersin the terms "homologzy" end ”idmtity" are ofien used interchangeably,
uriess otherwise indicated. In general, for determination of the percentage homology
or identity, sequences are alipned so that the highest order match is obtained (see, e
Computational Molecular Biology, Lesk, AM., ed., Oxford Untversity Press, New
York, 1988; Bivcompuring: Informatics and Genome Projects, Smith, D.W ., ed.,

Academic Press, New York, 1993; Computer Anclysis of Seqguence Dota, Part I,
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Griffin, AM., end Grifhin, B.G., eds., Humana Press, Mew Jersey, 1994; Sequence
Analysis in Molecular Biclogy, von Heinje, G., Academic Press, 1987, and Seguence
Analysis Primer, Gribskov, M. and Devereux, 1., eds., M Stockion Press, New York,
1991, Carillo ef al, {1988} 51 ‘J.pr_pEiea’ Math 48:1073). By sequense homology,
the number of conserved amino acids 1s determined by standard ahgnment algorithms
programs, and can be used with defaull gap pe rmltles established by each supplier.
Substant aily homologous nucleic acid molecul f.;s would hybridize typically at
moderaie stringency or at high siringency all along the length of the nucleic acid of

nterest. Also contemplaied are nucleie acid molecules that contain degenerate
codons in place of codons in the hybridizing nucieic acid molecule.

Whether any two molecnles have nucleotide s tqugnf‘@s or amino acid

sequences that are at least 60%, 70%, 80%, 85%, 90%, 95%, 96%, 7%, 88% or 99%

“identical" or "homologous” can be determined using known computer algorithms

ng X
uch as the "FASTA™Y program, using for example, the default parameters as in
Pearson ef ol {1988) Proc. Natl. Aead. Sci. US4 §5:2444 (other programs include the

4

GCG program package {Devereux, L., ef al., Nucieic Acids Research 12(1):387
(1984)), BLASTP, BLASTN, FASTA (Atschul, 8.F,, et al, J Molec Biol 215403
{1990Y}; Gude to Huge Comyputers, Martin J. Bishop, ed., Academic Press, San
Diego, 1994, and Carille e ol { 1988) SIAM J Applied Marh 48:1073). For example,
the BLAST function of the Mational Center for Biotechnology Information dat Lase
can be used fo determune identity. Other mmmu‘mahw or publicly available programs
inchade, DNASter "MegAlign" program (Madison, WI) and the University of
Wisconsin Genetics Computer Group (UWQG) "Gap” program (Madison WL
Percent homology or ideniity of profeins and/or nucleic acid molecules can be
determined, for example, by comparing sequence mformation using a GAFP computer
program {¢.g., MNeedleman ot al {1970} J. Mol Biol 481443, as reviged by Smith and
Waterman ((1281) Adv. dppl. Math, 2:482). Brefly, the GAP program defines simi-
larity as the mumber of ghigned %ymbms {i.e, nucleotides or amino acids), which are
similar, divided by the total number of gymbols in the shorter of the two sequences.

Defaulf parameters for the GAY program can include: (1) a unary comparison matrix

]

{containing a value of 1 for identities and O for non-identities) and the weighted com-
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parison rmatrix of Gribskov ef al. (1986) Nucl. Acids Res. 14:6745, as described by
Schwartz and Davhoft, eds., ATLAS OF PROTEIN SEQUENCE AND STRUCTURE,
National Biomedical Research Foundation, pp. 353-358 (1979); (2) a penalty of 3.0
for each gap and an additional 0.10 penalty for each symbol in each gap; and (3} no
penalty for end gaps.

Therefore, as used herein, the term “dentity” or "homology" represents a
comparison between a test and a reference le:;fp{‘}?ﬁd{i or g}bl}mﬁdﬁbtid&. As uged
herein, the term at least "00% dentical to" refers to percent identities from 90 1o §9.99
relative. to the reference nucleic acid or amino acid sequence of the polypeptide.
identity at a leval of 90% or more is indicative of the fact that, assuming for
exemplification purposes a test and reference polypeptide length of 100 amino aods
are compared. No more than 10% {(L.e., 10 out of 100} of the amino acids in the test
polypeptide differs from that of the reference polypeptide. Similar comparisons can
be made between test and reference polynuciectides, Such differences can be
represented as point mutations randomiy distributed over fhe entire length of a.
nolypeptide or they can be clustered in one or mare Jocations of varying length up to
the maximum allowsable, e.g. 10/100 amino acid difference {approvimately %0%
identity). Differences are defined as nucleic acid or amino acid substituiions,
insertions or deletions. At the level of h{)m;)iogiﬁs or identifies above shoui §5-90%,
the result should be independent of the program and gap parameters set) such high

evels ol identity can be assessed readily, often by manual slignment without relving
on software.

* As used herein, an alignad sequence refers to the use of homology {similarity
and/or identity) o align corresponding positions 1o a sequence of nucleotides or
armino acids. Typically, two or more seguences that are related by 50% or more
identity are aligned. An aligned set of sequences refers (0 2 or more seguences that
are aligned at corresponding positions and can include aligning sequences derived
from RINAs, such ax ESTs and other cDNAg, aligned with genomic DNA sequence.

Az used herein, “primer” refers to a nucleic acid molecunie that can act as o
point of inittation of template-directed DNA zynthests under appropriate conditions

(e.g., in the presence of four different nucleoside triphosphates and a polymerization
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agent , such as DNA polymerase, RNA polymerase or reverse transcriptase) in an

appropriate buffer and at a suitable temperature, It will be appreciated that a certain

‘nucleic acid molecules can serve as a “probe” and as a “primer.” A primer, however,

has a 37 hiydroxyl group for extension. A primer can be nsed in 2 vartety of methods,
including, for example, polymerase chain reaction (PCR), reverse-transcriptase (RT)-
PCR, RMNA PCR, LCR, multiplex PCR, panhandle PCR, capture PCR, expression
PCR, 3" and 5' RACE, in situ PCR, ligation-mediated PCR and other amplification B
Drotocols,

As used herein, “privner pair” refers to a set of primers that includes a 5

{upstrearn) primer that hybridizes with the 5' end of 2 sequence to be amplified (e

by PCR) and & 3' (&ownstra;ﬁﬂ.) primer that hybndizes with the complement of the ¥
end of the sequence to be amplified.

As used herein, "speaifically hybridizes” vefers to annealing, by
complementary base-pairing, of a nucleic acid molecule (e.g. an ohigonuclestide) to a
target nucieic acid molecule. Those of skall in the art are Tamiliar with in virro and i
vivo parameters that affect specific hybridization, such as length and composition of
the particular molecule. Parameters particularly relevant to in vitro hvbridization
further inclpde annealing and washing temperaturs, buffer composgition and salt
concentration. Hxemplary washing conditions for removing non-specifically bound
nucleic acid molecules at high stnngeney are 0.1 x SSPR, 0.1% S35, 65°C, and at
medium stringency are 0.2 x S5PE, 0.1% 5DS, 50°C, Eguivalent stringency
conditions are kmown in the art. The skifled person can readily adjust these
parameters to achigve specific hybnidization of a nucleic acid molecule to a target
nucleic acid molecule appropriate for 2 particular application. Complementary, when

gferring o two nucleofide sequences, means that the two sequences of nucleotides
are capable of hybridizing, typically with less than 25%, 15% or 5% snismaiches
between opposed nucleotides, If necessary, the percentage of complementarity will
be specifisd, Typically the two molecules are selected such that they will hybridize

under conditions of high stringency.
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Az used herein, substantially identical to a';}roduct means sufficiently symilar
50 that the property of interest is sufficiently unchanged so that the substantially
identical w roduct can be used in place of the product.

Asused herein, it also 18 undersiood that the terms “subgigntially idennecal”
“aimilar” varies with the context as understood by fhose skilled in the relevant art.

Az used herein, an allelic veriant or alislic W'matlon rcfm"mwr any of two or

more altemative forms of a gene ocoupying the same chromosomal locus, Allelic
variation arises naturally through mutation, and can resultin phenotypic
polyrmorphism within popalations. Gene mutations can be silent (a0 change I the
encoded polypeptide} or can encode polypeptides having aitere:d armino acid seguence.
The term “alletic variant” also 18 used herein to denote a profain encodsd by an allelic
variant of a gene, Typically the reference form of the gene encodes a wildtype form
and/or predominant form of a polypeptide from a population or single reference
member of a species, Typically, ailelic variants, which include variants batween and
ATIONE SPECIEs cally have at least 80%, 0% or greater amine acid ideptity with &

Lo e 8

wﬂdty;fm and/or predominant form from the same species; the degree of identity
lenends upon the pene and whether comparison 18 interspecies or miraspecies.
Generally, intraspecies allelic variants have at least about 80%, 8 3%) 90% or 95%
identity or greater with a wildtype and/or predominant form, including 56%, 97%,
08%, 99% or greater identity with & wildtype and/or predominant foum of &
polypeptide. Refersnce to an allelic vamant herein generally refers to variations n
proteins among members of the same spocies.

As used herein, “allele,” which is used interchangeably herein with "allelic
variant” refers to alternative Torms of 2 gene or portions thereof, Alleles cocupy the
szme locus or posiiion on homologous chromosomes. When s subject has two

identical alleles of a gene, the subject is said to be homozygous for that gens or allele.
When a subject hag two different alleles of a gene, the f*,utjec:t is said to be
wterozyzous for the gene, Alleles of a specific gene can differ from each other ina

single mucleotide or several nuct c:c}tidﬁ:s, and can include substitutions, deletions and

insertions of mwcleotides. An allele ofa gene also can be a form of a gene containing

a mutation.
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Asused herein, species variants refer to variants in polypeptides among
different species, inchuding different marnmalian species, such as mouse and human.

Az used herein, a splice variant refers o a variant produced by differential
g of z primary transcript of genomic DNA that results i more than one type
of mRMNA.

As uced herein, modification, when used in reference to modification of a
sequence of amino acids, is used to deseribe modifications ofd polypeptide ora
sequence of nuoledtides i a mucleio acid molecule and includes deletions, insertions,
and repiacernents of amino acids and noucleotides, regpectively. Methods of
modifying a polypeptide are routine {0 those of skill in the arf, such as by using

recombinant DNA methodolosgies.

As used herein, the term promoter means a portien of a gene containing DNA
sequences that provide for the binding of RNA polvmerase and initiation of
ranscription. Promoter sequences are coramonty, but not always, found in the 57
non-coding region of genes,

As used hersin, isolated or punified polypentide or protein or biologically-
active portion thereof is su.as;tauuai;y free of cellular material or other contaminating

proteings from the cell or tissue frorn which the protein is derved, or substantially free

-y

o)

rom chemical precurzors or other chemicals when chemically synthesized.

1

eparations can be determined to be substantially free if they appear free of readily

;-.{j

" detectable impurities as determined by standard methods of analysis, such as thin

iaver chromatography {T1LC), gel electophoresis and high performance liguid
chromeatography (HPLC), used by those of skill in the art to assess such purity, or
sufficiently pure such that further purification would not detectably alter the physical
snd chemical properties, such as enzymatic and biological activities, of the substance.
Methods for purification of the compounds 1o produce substantially chemically pure
compounds are known to those of skill in the arl. A substantially chomically pure
compound, however, can be a mixture of sterecisomers. In such instances, further
purification might increase the specific activity of the compound.

The term substantiaily free of celinlar material inchudes preparations of

roteins in which the profein is semarated from cellular components of the cells Hom
¥ !

fy
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which it is 1selated or recombinantly-produced. In one embodiment, the term
substantially free of cellular matenial includes preps rations of enzyme pmt&:in.s having '
less that about 30% (by dry weight) of non-enzyme protemns (also referred to herein a5
a confarminating protem), generally less than about 20% of non-enzyme proteins or
10% of non-enzyme proteins or less that about 5% of non-enz ryme proteins. When

the enzyme protein is recombinantly produced, it also is substantially free of culture

'Emdmm Le., culture medium represents less than about or at 20%, 10% or 5% of the
> bl

vohume of the enzme protein preparation.

As used herel e, the term substaptially free of chemical precursors or other
chemicals includes preparations of enzyme proteins in which the protein is separated
from chemical precursors or other chemicals that are lnvolved in the synthesis of the
protein. The term includes preparations of enzvime pmtf,zz*s heving less than about
30% {by dry weight) 20%, 10%, 5% or less of chemmical PICCUrSOrs OF NOR-enzyme
chemicals or components.

As used herein, syathetic, with reference to, for exampie, a synthefic nucleic
acid molecule or a synthetic gene ot a synthetic peptide refers to a nocleic acd
motecule or polypeptide molecule that 1s produced by recombinant methods and/or by
chémicai synthesis *nrbi'hods

Asg vsed heretn, production by recombinant means by using recombinant DNA
methods means the use of the well known mefhods of molecular biology for
expressing proteins encoded by cloned DNAL

Ag used herein, vecior {or plasmid) refers o discrefe elements that are used to
introduce a heterologous nuclelc acid into cells for either ex:press n or replication
thereof., The vactors typically remain episomal, at can be designed to effect
integration of 2 gene or portion thereof inlo & chromosome of the genome. Also
contemnplated are veciors that are artificial chromosomes, such as yeast artificial
chromososmes and mamrnalian artificial chromosomes. Selection and use of such
vehicles are well known to those of skill in the art.

As used herain, an expression vector includes vectors capable of SEPressing
DNA that is operatively linked with regolatory sequences, soeh as promoter regions,

that are capable of effecting expression of such DNA frepments. Such additional
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segments can include promoter and terminator seqiences; and optionally can include

other regulatory sequences, such as, but not limited to, one or more origims of

replication, one or more selectable markers, an enhancer and 2 polyadenylation signal.
Expression vectors are generally dernved from plasmid or viral DNA, or can contain
clements of both. Thus, an expression vector refers to 2 recombinant DNA or RNA
constroet, such as a plasmid, a phage, recombinant virus or other vector that, upon
mtroduction ko an ampr’}mlhm host cell, results in expmssmn of the cloned DNA.
Appropriate expression vectors are well known to those of skill in the art and include
those that are replicable in sukaryotic cells and/or prokaryotic cells and those that
remain episcmal or those which Integrate into the host cell genome. |

As uged herein, vector also includes “virus vectors™ or “viral vectors.” Viral
vectors are engineered viruses that are operatively linked to exogenous genes o
transfer {as vehicles or shuttles) the exogenous genes info cells.

Asused herein, operably or operatively linked when refersing to DNA
segments means that the segments are arranged so that they function in concert for
their mtended purpeses, e.g., transcription initiates in the promoter and procesds
é:i:raugh the coding segment fo the terminator,

Asused herein the tepm assessing is intended to include quantitative and
gualitative determination in the sense of obtaining an absolute value for the activity of
a protease, or a domain thereol, present in the sample, and also of obtaining an index,
ratio, percentage, visual or other value indicanve of the level of the activity,
Assessment can be direct or indirect and the chemical species actually detected need
nof of course be the proteciysis product itself but can for example be a derivative
thereof or some further substance. For example, detection of o cleavage prodoct of a
commplement protein, such as by SDE-PACGE and protein staining with Coormasie blue.

As used hersin, biological activity refers o the in vivo activities of a
compound or physiciogical responses that result upon in vive adminisiration of a
cotapound, composiion or other mixhirs. Biological activity, thus, encompasses
therapeutic effects and pharmaceutical activity of such compounds, compositions and

t

mixtures. Biological activities can be chserved in in vitro systems designed fo test or
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use such activities. Thus, for purposes hersin a biclogical actwﬂy O"F a Protease 1s ifs
catalviic activity in which a polypeptide 1s hydrolyzed.

As used herein equivalent, when referring to two seguences of nuclelo acids,
means that the two sequences in guestion encode the same sequence of amino acids of
sguivalent proteins. When equivalent Is used w referring to two protems or peptides,
it means that the two proteins or peptides have substantially the same amino acid
sequence with only amino acid substitutions that do not aubsmntmﬂ} alter the activit y
or function of the protein or peptide. Wheon equivalent refers to-a property, the
property does not need 1o be present to the same extent (e.g., two peplides can exhibit
different rates of the same type of mzymatm activity), but the activities are vsually
substantially the same. _

As used herein, “modulate” and “modulation™ or “alter” refer to a change of
an activity of a molecule, such as a profein. Exemplary activities nclude, but are not
limited to, biological activities, such as zignal ransduction. Modulation can include
an Increass in the activity {le., up-reguiation or agonist aclivity) a decrease in activily
(i e, down~regulation or inhibition} or any other alteration in an activity (such as a
change in penodicity, ﬁ"aquer;.c:y;'duration, kinetics or other parameter). Modulation
can be context depfzndém and typically modulation is compared to 2 designated state,

for example, the wildivpe protein, the protein in a constituiive state, or the protein as

expressed in a designated cell type or condition,

As ‘=sed herein, a cormposition refers to any mixture. 1t can be a solation, suspension,
liquid, powder, paste, 4qUeous, BON-AQUEOUS OF any combination thereof,

Ag used herein, a combination refers o any asgociation between or among two
or more items. The combination can be two or more separate items, such as two

compositions or two colisctions, can be a mixture thereof, such as a single mixture of

e
o

Il

the two or more Hems, or any varnation thereof. The clements of 2 combination are
generally functionally associated or related,

Asused herein, a kif 1s 8 packaged combination that optionally includes other
elements, such as additional reagents and instrecfions for use of the combination or

elements thereot
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As used herein, "disease or disorder" refers (o a pathological condition in an
organism resuliing from cause or condition including, but not lirited to, infections,
acquired conditions, genetic conditions, and characterized by identifiable symptoms.
Diseases and disorders of interest berein are hyaluronan-associated discases and
dizorders.

As used herein, Mreating” a subject with a disease or condition means that the
subject’s symptoms are partially ot totally alleviated, or remain static following
treatment. Hence reatment encompasses prophviaxis, therapy and/or cure.
Prophiylaxis refers io prevention of a potential disease and/or a prevention of
worsening of symptoms or progression of a diseasa. Treatment also encompasses any
pharmaceutical use of a modified interferon and compositions provided hersin.

Ag used herein, a phmn:meuticaﬁy effective agent, includes any therapeuiic

agent or moactive agents, including, but not limited 1o, for exampie, anesthetics,
vasoconsirictors, dispersing agents, conventional therapeutic drugs, including small
moelecule drogs and therapeubic proteins

Ag used hereln, treatment means any Manner in which the sympioms of a
condition, disorder or dizsease or other indicaton, are amehorated or otherwise
benehcially altered,

As used herein therapeutic effect means an effect resulting from treatment of a
subject that alters, typically improves or ameliorates the symptoms of a discase or
condition or that cures 2 disease or condifion.. A therapeutically effective amoumnt
refers to the amount of & composition, molecule or compound which results in a
therapeutic e::ffer“t following administration to a subject.

Asused herein, the term "subject” refers to an animal, including a manimal,
such as a human being.

Ag used herein, a patient vefers to a uman subiect,

As used herein, amelioraiion of the sympioms of a particular disease or
disorder by a treatment, such as by administration of a pharmaceutical composition or
other therapeutic, refers to any lessening, whether permanent or temporary, lasting or

transient, of the symptoms that can be attributed to or associated with admamstration

of the composition or therapeutic.
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As used herein, prevention or prophylaxis refers to methods in which the risk
of developing disease or condition s reduced.

As used herein, a “therapeutically effective amount” or a “therapeutically

 effective dose” refers to the quantity of an agent, campound, material, or composition

containing & compound that is at least sufficient to produce z therapeutic effect.
Hence, it it the guantity necessary for preventing, curing, ameliorating, armresting or
partially arresting 2 symptom of a disease or disorder.

Asused herein, onit dose form refers to physically discrete units suitable for
human and ﬂnima} s12bj ats and packaged inciividu.aﬂy as is known in the art.

Asgused hersin, a Smfz e dosage ;OITRUTB.M(}E\ refers 1o & Tormudation for direct
adruxistration.

As u%d herein, an “arficle of manufacture™ is a pmdﬂl ot that 15 made and sold,
A5 used 1 rougnom this application, the term is intended to encompass hyalurenan
degrading enzyme, such as hyaluronidase, and second agent compositions contained
mn articles of packagng.

Asused herein, fuid refers to any composition that can flow. Fluids thus

SICOMpass compositons that are in the form of semi-solidg, pastes, solutions, agusous

mixtores, pels, lotions, ereams and other such compositions.

As used herein, a “kit” refers to a combination of compositions provided

herein and ancther item for a purpose melading, b

g, but not Hmited to, activation,
administration, diagnosis, and assessment of a biological activity or property. Kits
optionally include instructions for use.

Asused herein, 8 cellular exiract or iysate refers to a pr@p'lrdflﬁn or fraction
which is made from a lysed or disrupted cell

Asused herein, animal includes any animal, such as, but are not limited o
ling humans, goritlas and monkeys; rodents, such as mice and rats;
fowl, such as chickens; nuninants, such as goats, cows, deer, sheep; ovi nt: such as
pigs and other animals, Non-hurman animals exclude humans as the contemplated
amimal, The enzymes provided herein are from any sowrce, animal, plant, prokaryotic

and fungal. Most enzymes are of animal origin, inchuding memrnalian origin,
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As used herein, a control refers o a sample that is substantially identical to the
test sample, sx'ce: t that it 15 not treated with & test parameter, or, if it is 2 plasma
sample, it can be from a normal volunteey not affected with the condition of interest.
A control also can be an internal control.

As used herein, the singular forms "a," "an" and "the" mclude plural referents
uriless the context clearly dictates otherwise. Thus, for example, reference to &
compouﬁd, comprising "an extracellilar f‘omam "includes compounds with one or a
plurality of extracellular domains.

As used herein, ranges and amounts can be expressed as “about” a particular
value or range. About also includes the exact amount. Hence “about 5 bases” means
“ahout 5 bases” and also 5 bases.”

1

Asused hersin, "optional” or “op%ic;naﬂ v means that the subsequently
described event or circumstance does or does not cccur, and that the descﬁptjon
includes instances where said event or circumstance ocours and instances where
does not. For example, an ophonally substituted group means that the group is
wnsubstituied or is substituied. '

As used hersin, anti-cancer treatments nclude adminiseation of drugs and
other agents for treating cancer, a.nd aiso treatment protocols, such zs radiation.

Asused herein, a therapeotic antibody, refers to any antibody use for therapy,
and includes, but 18 not limited o monoclonal antibodiss, human antibodies, scFvs,
diabodizs, Fabs, and other fragruents of antibodies.

As nsed herein, antibody fragment refers to any derivative of an antibody that
is Jess than full fength, retaining at least a portion of the ﬁﬂi length antibody's specific
binding ability, Examples of antibody fragments include, but are not Hmited fo, Fab,

Faly', Fiab)?, single-chain Fvs (sclv), Fv, dsPFv, disbody and Fd fraements. The
EEELY 3 5 L =1

R

)

fragment can inchude multiple chains linked together, such as by disulfide bﬂ ge
An antibody fragment generally containg af least about 50 amine acids and typically
at least 200 amino acids.

As used herein, an Fv antibody fragment is composed of one variable heavy

domain (VH) and one variable light (VL) domain linked by noncovalent interactions.
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As used herein, a dsPv refers o an Fv with an engineered intermolecular
disulfide bond, which stabilizes the VH-V'L pair.

As used herein, an F(sb)2 fragment 18 an antibody fragment that results from
digestion of an immunoglobulin with pepsin at pH 4.0-4.5; it can be recombinantly
produced.

Asused herein, an Fab fragment 1s an (mtmoey frapgment that resulis from
digeét.ian of an immuno globulin with DREAIT it can ba recombinantly produced.

As uqf*d herein, sclvs refers fo aﬂtibod,‘f fragments that confain a varable light
chain (VL) and varigble heavy chain (VHY covalently connected by a 'polypepﬁde
linker in any order. The linker is of 2 length such that the two varisble dm ns are
bridged without substantial mterference. Exemplary linkers are (Gly-Serin residues
with some Glu or Lys residues dispersed throughout to increase solubilify,

As uzed herein, hsFv refers io antibedy fragments in Whﬁch the constant
dornains norrally present in ag Fab fragment have been substituted with 2
heterodimeric cotled-coil domain (see, 2.g., At ot al, (2001} ] Mol Biol, 7:312:221-
228).

As used herein, diabodizs are dimearic scFv, diabodies typically have shorte

=

pentide linkers than scFvs, and they preferentally dimerize.

As used herein, huramzed antibodies refer fo antibodies that are modified to

include "human” sequences of amino acids 20 that administration 1o & hurman doses not
provoke an tmanane response. Methods for preparation of such antibodies are

known. For example, the hybridoma that expresses the monoclonal antibody is
altered by v :c:mmmam INA techniques fo express an actibody in which the amino
acid composition of the non-variabie regions is based on hufnan antibodies
Computer programs have been designed to identify such regions.

As used herein, the abbreviations for any protective groups, aming acids and
other compounds, are, unless indicated otherwise, in accord with their comnmon usage
recogmized abbreviations, or the IWPAC-IUB Commission on Biochemical
Momenclamre (see, (1972) Biochem. [1:1726).

i, OVERVIEYW OF TEE METHODS AND %TWW POBITIONS FOR

T:@?ﬁ. TING HY ALURONAN-AS S@Ciﬁ TED CONI DITIONS, DISEARES AND -
DISORDERS :
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Provided herein are methods, cornpositions and combinations for freating
hyaluronan associated consitions, diseases and disorders. The methods, compositions
and combinations provided herein emplay byaluronan degrading enzymes that can
degrade hyaluronic acid {alse calied hyaluronan), which is an essential component of
the extracsllular matrix and a major constituent of the interstitial barrier. Many
diseases and conditions are assoclated with accumulated expression or oversxpression
of a hyaluromdase substrate such as hyaluronan, which contributes to the progression
and/or severity of the disease or condition. Hence, administration of such enzymes for
the purposes of depolymerizing the substrate can result in the weatment of such
dizeases.and condifions.

Anyhyaluronan degrading enzyme, including any varant thereof {e.g
trimicated vanant), can be used herein provided the enzyme exhibits enzymatic
activity. (zenerally, the hyaluronan degrading enzymes are modified by conjugation
to a polymer (e.g. PEG) {0 increase the hall-Hfe of the enzyme. The increassd half~
life can inerease systemic hyalaronidase activity and sustained duration of action for
hyaluronan degradation. In addition, the increaged half-life also can confribate to the
prevention of resvothesis and regeneration of the hyaluronidase substrate associated
with the disease or condition, For example, as described herein, & modified

;Vr‘}u ronan degrading enzyme that exhibits an increased hatf-life by virtue of
conjugation to a polymer can prevent hysluronan regeneration within twmors. The
modified hyaluonan degrading enzvimes provided herein also can be combined andfor
co-formulated with & second agent for treating the hyaluronan associated conditions,
diseases and/or disorders.

. Hgfﬁmmﬁmﬂ

CGlycosamninogiycans {GAGs) are complex linear polysaccharides of the
extraceilular matrix {ECM). GAGs are cheracienized by repeating disaccharide
structurss of an MN-substituted hexosamine and an wronic acid, (2. hyaluronan (FA),
chondroitin suifate {C5), chondroitin (C}, dermatan sulfate (DB), heparan sulfate
{H3}, heparin (H)}, or 2 galactose (e.g. keratan sulinte (K3)). Except for HA, all exist
covalently bound o core proteins. The GAGs with thelr core profeins are structurally

reforred to as proteogiyveans (PGs).
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HA is a linear, repeating polysac charide made up of M-acetylgiucosamine and
glucuronic acid disaccharide units. The methabolism of HA is a dynamic process,
whith normal furnover in tissues ranging from several weeks to less than a day m sk

HA is synthesized at the plasma membrane by three conserved HA synthases (HAR)

“and degraded by u@i}“agsﬁ‘"l',‘itad or acid-active hyaloronidases (Culty 1992; Zhou

'?OGO\ and exoglycosidase snzymes {6 monosaccharides following receptor-mediated
endocytosis.

HA occurs in the extracelinlar matrix of many cells, especially in soft
connective Assues. Hyaluronan (HA) ocows predominantly in connective figsues,
skin, cartilage, and in synovial fluid in mammal. Hyaluronan also is the main
conatituent of the vitreous of the eye. HA has been assigned various D’bvgmmg;cal
functions, such as in water and plasma protein homeostasis in the intraceltular matrix
{Laurent TC et al {1B92Y FASEB I 6:2397-2404), In connective tissue, the water of
hvdration associated with hyaluronan creates spaces befween fissues, thus creating an
environmnent conducive to cell movement and prohferation. in the body, for grample,
in fissues of & subiect, hyaluronan (hyvaturonic acid) is replaced with 2 half-life of
approximately 5 b, and is 1&rgely 1‘0}6 for the resistance to fluid flow through
the tissnes, Hyaluronan plays a role in biological phenomena associated with cgll
motility including rapid development, regeneration, repalr, embryogenesis,
embryotogical development, wound he aimg, angiogenesis, and tumorigenests (see,
e.g., Toole 1991 Cell Biol. Extracell. Matrix, Hay (ed), Plenum Press, New Yorl,
1384-1386; Bertrand e al.. 1992 Int. I Cancer 52:1-6; Knudson 2f al., 1993 FASEB
J.7:1233-12413, HA production increases in proliferating ceils z..md may play a role m
mitosis. It also has been ymnlicated in locomotion and cell migration, as well as roles
in cell regulation, development, and differentiation (Laurent ef al.. (1992) FASER]
6: 239724043,

HA has been used in clinical medicine, It tissue protective and rheciogical
properties have proved useful in ophthalmic surgery to protect the corneal
erdothelium during cataract surgery. Serum HA is diagnostic of Hiver disease and
various inflammatary conditions, sach as rhewmatoid arthritis. interstitial edema

caused by accumulation of HA may cause dyshunction in vanous organs (Laurent e
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al (1992) FASER I 6: 2397-2404). Hyaluronan protein interactions also are involved
in the structure of the extracellular matrix or "ground substance.”

HA synthesis is increased when oncogenic viruses transform Sbroblasts and
elevated levels of HA are associated with hyperproliferative and malignant
phenotypes in various cancers, such as melanomas and some carcinomas {see, 2.2,
Nano et al. (2002). Froc. Naﬁ, Acad. Sci. US4, 99,3609-3614.) In addition,
nyaluronan levels correlate with tumor aggressiveness {Czello ef al.. 1960 Cancer
Res: 20:6000-604; Takenchi ef al.. 1976, Cancer Bz, 36:2133-2130; Kimata ef al.
1983 Cancer Res. 43:1347.1354). Local aberrations of HA methabolism have been
reporied in many sohd fumor mahignancies, where elevated levels of HA frequently
correlate with poor prognosis in tumors such as breast, gasiric, colorsetal, ovarian,
prostate and fun g carcinoma. HA accumulation reduces contact inbibition between
and among mumor cells ({see, e.g., Hano et al. (2002) Proc. Nath. Acad. Sci. US.A,
99:3609-3614.},

2 Hyaluronsn-associsted diseases

Many diseases or condifions are associated with overexpressed or accumulated
exgjressiori of hyahironidase substrate, for example HA, which can exacerbate or
confribute to the severity or promosis of fhe disease or condition. The underlying
cause for HA accumuation is likely due to one or more of HA synthase
overexpression, poor lviuphatic drainage, or unbalanced synthesis and degradation of
the substrate. |

Hence, among the bysluronan-associated diseases, conditions and disorders
that can be reated with the provided compositions, compounds and methods are
conditions, diseases and disorders that express or accumulate hiyaluron as cause,
consequence or sympiom of the disease, condition or disorder. Such diseases,
conditions and/or disorders include, for example, those associated with increased
iterstitial fiuid pressure, decreased vasenlar volume, increased water content in &
tasue, disc pressure and edemsa. Hyaiurchau—associated diseases, conditions and/or
disorders, include, but are not limited to, hyalaronan-rich cancers, for example,
humors, including solid tumors, for example, late-stage cancers, a metastatic caneers,

undifferentiated cancers, ovarian cancer, in situ carcinoma (ISC), squarnous cell
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carcinoma {BCC), prostate cancer, pamraétic cancer, non-small cell lung cancer,
breast cancer, colon cancer and other cancers.  Also exemplery of hyaluronan-
ass;oc{_ated diseases and disorders are disc pressure, cancer and ederna, for example,
edema caused by organ transplant, stroke, brain trauma or other injury.

For exammple, Pivammndﬂwmocmfe diseases or conditions include solid
turnors, including benign and malignant mmors. E;zainpl.ary ot solid turnor
malignancics include, for example, those associated with breast, gastrie, coloretal
ovariamn, prostate and tung carcinoma. Aberrant accumulation of A levels in tomors,
in particelar mmalignant twmors, 18 an indicator of poor prognoesiy when associated with
stromal or'celiular cormpartments.

For exarople, in a study of survival of patients having breast carcinoma by
Auvvinen {20001, the Gve-year surivial detenorated as a function of increasing stromal
HA levels; for low, moderate and high Ha le Vf:is, respectively, the five-vear overall
survival was 45%, 38%, and 26% ($=0.002} and the recurrence-free survival wasg
&%, 56% and 40% {(p=0.008). The presence of HA~positive carcinoma cells
corretated significantly with axiliary lvmph node posiivity and poor differentiation.
The S-year overall survival of patients exhibiting HA-positive carcinoma celis was
significantly lower compared 1o the patients without HA-positive carcinoma CPUB
{(with 54% versus 81%, respectively, p=0.01).

fn gasiric carcinoma, Setala et al. {1999) examined the HA profile of 215 stage
S Y {raqmﬂ carcinoma patients. A bigh proportion of HA positive cells were found
and were significantly associated with deep turmnor invasion, nodal metastasiz, positive
lvmphatic invasion, poor differentiation grade, as well as ith inferior prognosis in
univariate survival analysis. Forty-four percent of the tumors evaluated had & HA
labeling index of 30-100% HA positive cells.

in colorectal carcinomas, Ropponen & al. {1998) examined the cellular
association of HA 0 overall survival and recurrence-free survival in 202 colorettal
carcinoma samples followed up for a mean of 14 years, Both high HA intensity and
labeling indices were frequently found and significantly associated with poorer
overall survival, shorter recurrence free survival, and elevated Duke classification for

187 evaluable patients.
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- Arntrila et al. (2000) studied HA levels in 309 epithelial ovarian cancers and 45
matched metastatic lesions. While in 73% (227 of 309) of the cases, the fraction of
hy’aim‘cnan.—positive cancer cells ws <10%, high sstromal HA levels were significantly
corralated with poor differentiation, serious histologic type, advanced stage, and large
privnary residual tumor.

Hyaluronan-associated diseases can be treated by administration of a
composition containing 2 hyaluronan degrading enzyme, such as a hyaluronidase, for
example, a soluble hyaluronidese, sither alone or in combination with or i addition to
another freatment and/or agent. Treatment of the hyaiuronan—assac-iat&d condition,
disease or disorder includes amelioration, reduction, or other beneficial effest on one
or more of any associated physical manifestation or symptom, such as mereased
interstitial fluid pressure (IFP), decreased vascular volume, and/or increased water
content in a tissue.

In one example, treatment of the hiyaluronan-associated condition, dissase or
disorder includes amelioration, reduction, or oiher beneficial effect on one or more of
increased interstitial fluid pressure (IFP), decreased vascular volume, and increased
gwater content in a Hssue. In apother example, treatment can include amelioration or
beneficig] effect on another symptom, for example, tumor size (e.g. mass/volume),
prognosis, including survival and/or recurrence-free survival of a subject.

3. Wiethods of treatment and compositions

Henee, provided herein are methods and cormpositions for treating hyaluronan
(FA)-associated conditions, diseases and disorders. The methods, such as methods of
freatment, 1sé compogitions containing a modified hyaluronan degrading enzymes
alone or compositions or combinations contaimng a modified hyaluronan degrading
enzyme and further containing one or more additional agents for treatng the

valuronan associated conditions, diseases and/or disorders. In the compositions and
cornbinations employed in the methods herein, the hyaluronan degrading enzymes,
such as hyéljﬁf@ﬂid& s, are modified, such as by conjugation 1o one or more
polymer{s), whereby half-life of 2 hyaluronidase, such as a soluble hyaluronidases, is

increased. The modified hyaluronan degrading

JQ

enzymes provided herein can be used

alone to freat hyaturonan associaied conditions, diseases and disorders, or can be used
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in combination with other agents, such as, for example, therapeutic agents {¢.g.
chemotherapeutic agents). The compositions containing the hyaluronan deprading
enzyme and other ageni(s) can be provided separately in the combination or provided
in a single ccﬂmposi‘ii{m. |

In some examples, the modified hyaluronan degrading enzyvmes are
adrmimstered alone for treatment of a hyaluronan associated dissase or condition.
Thzs, also provided herein are compasitions containing a hya}‘-‘rcma_n degrading
erzyme, such 28 a modified soluble hyaturonidase, and methods for administering the
modified hyaloronan degrading snzyme for freating a hyaluronan essociated disease,
i.e g disease associated with accumulated expression of a hyaluwronidase subsirate.
For sxarnple, such treatment can be used for effecting decreased mterstitial Huid
pressure i a hyaluronan-as ssociated disease, for o ample, 2 hvaluronan-rich cancer.
Ag shown herein, ireatment with a modified hyaluronan degrading ﬁIL{Zj?‘N such asa
modified hyaluronidase not only rernoves hyaluronan and reduces interstitial floid

sure (IFP), but alse, can restors contact mhibition.

T

FThus, adromisiration of a

hyaluronan degrading enzyme can effect treatment by virtue of restorafion of contact
hetween and among cells. As showsn herain, modification of the hyaluronan
degrading enzyme, such as by peg y‘aat oL, wmnproves the effectivensss of the
hyaiuronan degrading énzyme as a treatment for tamors.

in particular, systemic administration of the modified hyaluronan degrading
enzyme 15 effective for treating tumors, nehuding brain tumors. For example,
systemic administration of modified hyaluronan degrading enzyme, such as modifisd
soluble hyaluwronidase, decreases interstitial fluid pressure {IFP) in hvaturonansrich
tumors, effecting a dose-dependent and sustamed reduction m IFP, for exampie,
reduction that persists greater than | hour, 2 hours, 4 hours, 8 hours, 10 hours , 12
howrs, 16 hours, 24 hours, 48 bours or 72 hours, The hyaluronidase can effect such a
reduction in a nyaluronan-specific manner.

Further, consistenit with {he ability to reduce hvaluronan expression foliowing
adminisiration in a subject with a hyaluronan-ussociated timor, systemic admini-

stration of the modified hvaluronan degrading enzyme, such as 2 modified sohible

hvaluromidase, can effect sustaimed reduction in fwmor watsr content examole, for
5/ 73 > r)
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st least 1 hour, 2 hours, 4 hours, 8 hours, 10 hours, 12 hovrs, 16 hours 24 hours, 48
hours or 72 hours, and a decrease in vascular volume tn hyal uronai- associated
tumors, resulting from vasealar cie«::ampr‘essmn of blood vessels in the tumor. T hus
further provided hereln are compositions containing & modified hvaluronan degrading

eNZymeE, Such 23 2 modified solubie & hyaluronidase, and methods {or administration to
effect a sustained increase in vascular volume and/or a sustained increase in watey
content 1 2 tiesue in the subject with 2 hyaluronan-sssociated disease or condition, for
example, & hyaluronan-associated cancer.

Unmodified hyaluronan-degrading enzymes typically have a short half-life of
enzymate activity in blood of minutes, penerally less then 5 mintues. This means that
such enzymes are generally vnsuitable for use in intravenous administrations, and
other administrations, whers therr duration of action s short-lived. The hyaulronan
§fwraaz‘1g enzymes, such as sohible hyaluronidases, used in the composition and
methods herein are moditied by conjugation to 2 polymer, for example, a sialation
moiety or pegyiation moiety {(PEGY. Typically, the polymer increases the half-life of
the hyauironan degrading enzyme. such as hyaluroridase, Tollowing adminiszation fo
the subject. The plasma haif-life of enzyinatic acitvity of modified 13/“111:{101131)»
degrading enzymes {(2.g. via conjugation to a polymer) provided herein are generally

or are about 1 hour, 2 hours, 3 hour, 4 howrs, § hours, 6 hours, 7 hours, § hours, 10

hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 20 hours, 25 hours, 30 hours,
35 hours, 40 hours, 45 hours, 50 hours, 55 hours, 60 h@urs or more. In one example, 2
soluble hyaluronidasze modified by conjugation to a polymer effects more than 100,
20G-, 250, 300-, 400, 500-, 600, 700-) BOO-, 900-, 1000-, 1500, 2000-Toid or mors
incresse in plasma hatf-Yfe cornpared to the unmodified {,m,ymﬂ In one example, the

walf-life of the enzyme in piasma is over 24 hours,

%

ali-life, the duration of activity of 2 modified

=

e fo the differsences 1o
hyaluronidase is increased compared 10 a native {not moditied by conjugation to a
polymer) hyaiumndiase For example, fos;o\ ing administration of native (ron-
modified) soluble hyalurenidase, for sxample, hyaluronic acid can be restored within

24 hours, leaving no observable changes. Following administration of 2 hyaluronan

legrading enzyme, such a3 2 hyaluromdase, that has been moedified by conjugation to
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a polymer (e.g. PEG) that increases the half-life of the hyaluronan degrading enzyme,
expression of hyaluronan remains reduced at 24 hours, 48 hours, 72 hours, or more
following the administration.

Typically, 2 modified hyaluronan~degrading enzyme conjugated to a polymer
has a reduced specific activity compared to the unmodified hyalurenan-degrading
enzyme. The specific activity 1s generally redoced by about or Ehfold.? 3-fold, 4-fold,

5-fold or more, For example, as described elsewhere herein, the "'}E:E‘]ﬁc activity of

unmodified PH20 designated rHuPHZ0 iz about 120,000 Ulmg. The specific activity

of 2 PEGylated rHUPH20 is about 30,000 U/mg, Nevertheless, due io the increased

haif-life, modified hyaluronan-degrading enzymes exhibit an increased duration of

activity. Since HA is able to be regensratad, an enzyme that has a sustained duration

of action can counteract HA resyrnthesis and deposition m the ECM.

Hence, In the methods, combinations and composinoens provided herein, a

modified hyaiummm-nef_crading enzyme, for exaimple & soluble hvaluronidese, is

provided in an amount sufficient (o sustain a minimal plasma level of the HA of at
least 3 Utmb of the enzyme n the plasma. For example, the minimal plasma level of

AL

HA iz meintained at s level that is or is about 3 U/mL- 12 U/mL or more, for
example, from sbowt or at a level of 4 U/mL, 5 Wiml, 6 U/ml, 7 Wml, 8 U/mL, 9
UimL, 10 Usml, 11 Ulmi, 12 U/mib, 13 U/l 14 U/mi, 15 L/mL, 16 Ulinl, 17
U/mi, 18 UsmlL, 19 U/mi., 26 UhAnl, 25 UAnl, 30 UAnl, 35 UAni, 40 Uimi, 45

CU/ml, 50 UlmL or more, By maintaining at least 3 U/mb of the enzyme in the

plasma, the enzyme can remove HA sssociated wilh a disease or condition, for
example, tumoral HA, and also counteract HA resynthesis. Thus, in such treatments,
the hyaluronidase substrate is not allowed to accumuiste. For diseases or conditions
such ag cancers having malignant solid tamors, whose prognosis is associated with
FLA expression, the condition {e.g. cancerous condifion) can be treated and/or
ameliorated.

Hence, the provided compositions containing hvaulronan degrading enzymes,
such as soiuble hyaturonidases, conjngated to polymers can nrovide prolonged or
sustained trestment of dissases or conditions Assoc @tcd with accumulatad

Y

hyaluronidase substrate, for example, prolonged or sustained amelioration of one or

faed
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more symptoms. For example, systemic {e.g, intravenous) administration of 2
modified soluble hyaluronidase, which is modified by conjugation with a polymer,
can effect a sustained (e.g. at least 24, 48, and 72 hours) reduction in hyzaluronan
expression in per celiular matrices in a tissue of hyaluronan-nch twumors
in order to sustain effect of the modified enzyme in plasma for longer peniods

ftimes, cycles of administration can be effected. Hence, the modifisd enzymes ¢
be administered successively over 2 dosing regime in order to maintain a constant
level of the medified hyaluronidase in the plasma for any desired length of time. The
level in the plasma can be monitored during the course of treatment as described
herein by measuring the level of the modiﬁéd hyaluronidase in the plasrma. This
means that over the course of treatment a minimal level of the hya}umnidasé i5
present in plama sufficient not only fo remove HA associated with a disease or
condition, but also to counteract HA resymhesis. successive admimistrations can be
made pericdically whensgver the level in the plasma falls below at least or sbout 3

U/mL. i, however, 15 not necessary 10 meeasure the plasma level before each

P

administration. Generally, to maintain levels in'plasma of the hyaluronidase of at
least 3 TlmlL, compositions containing hyaluronan-degrading enzymes, such.as
sotuble hyaluromdases, conjugated o polymers are administered several tmes a
montl, generally at least once a week and typically more than once a week, For

gxample, the modified hyaluronan degradin

({ w

enzymes, for exaniple, modified soluble
hvaluronidase, are administered twice 2 week, three times a W\“"‘F four times a week,
five times a week, six times a week or daily, Typically, such enzymes are
adminigtered twice a wesk.

As discussed elsewhere herein, the dose of modified hyaluronidase enzyme
necessary to maintain a plasma level of the hyvaluronidass of at least 3 U/mL can be
empirically determined. Generally, as exemplified herein, the dose of z single
administration of 2 modified soluble hyaluronidase to maintain st teast 3 U/ml in the
plagma over a cycle of admunistration is or is about 0.02 mg/lg (of the subject}, 0.03
mgkg, 0.04 mglkg, 0.05 mg/kg, 0.06 mgikg, 0.07 mg/kyg, 0.08 my/ke, 0.09 mg/ke,
0.1 “nczg/lxg 0.15 rmglke, 0.2 mg L;‘,, 25 mglkg, 0.30 mglkg, 0.35 my/kg, 0.40 mylkg,
(.45 mg/kg, 0.5 mp/kg, 0.55 mg. iiﬂ 0.6 mg/ke, 6.7 mg/kg, 0.8 mglkg, 0.9 mefkg, 1.0
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mpfkg, 1.1 mglkg, 1.2 mg/kg, 1.3 mgﬂg, 1.4 mg/kg, 1.5 me/kg or more. T}rpically,
the dose is or is about 0.05 mg/kg o at or about 0.8 mgfkg. As discussed below, itis
understood that such amounts are administered periodically (e.g. twice weekly) over
cycle of administration to maintain the p}.asma level for a desired length of time.
Assumning that the average human 18 75 kg, a modified soluble hyaluronidase that has
a specific activity of at or about 20,000 U/mg to 60,000 U/mg, generally at or about
35,000 Ufmg, is administered at or about 60,000 U; 70,600 U, 0,000 U; 90,000 U;
160,060 'U; 200,000 U; 300,000 U, 400,000 U; 500,000 U; 600,000 U, 700,000 U3
800,000 U; 500,000 U; 1,000,000 U, 1,500,000 U; 2,000,000 U, 2,500,000 U;
3,000,000 1J; 3,500,000 U; 4,000,000 U ormoere. For exarmple, corapositions of a

modified hyaluronidase can be administered that contain at or about 2.0-60 mg of a

modified hyalnropidase. Also provided herein are such compositions.

“The length of time of the cyele of administration can be empirically
determined, and is dependent on the disease to be treated, the severity of the disease,
the particular pauent, snd other consideranons witimn the level of skull of the weaung
physician. The length of ume of treatment with a modified hyaluronidase enzyme can
be one week, two weeks, one mounths, several months, one year, several youars or

.

more. For example, a modified hyahuonidass enzyme can be adminstered

A

~

twice weekly over a period of a year or mnore. If disease symptoms persist in the
absence of discontinued treatiment, treattnent can be continued for an additional length
of ime. Over the course of treatment, evidence of disease and/or treatment-related
toxicity or side effects can be monitored.

In addition, the cyele of administyation can be tatlored to add penods of
discontinued treatment in order fo provide arest period from exposure 1o the enzyme.
The length of time for the discontinuation of trestment can be for & predetermined
time or can be empirically determined depending on how the patient is responding or
depending on observed side effects. For example, the treatment can be discontinued
for Q;}e_wee}t, rwo weeks, one month orseveral monthe, It is understood and expected
that during the period of discontinued treatement, the plasma level of the

hyaluronidase will fall betow 3 U/mL. Cenerally, the period of discontinued

treatment 1s budlf anto & cvele of dosing regime for a patiznt. For example, an
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exemplary dosing regime is a freatment cycle of 28 days, with the modified enzyme
administered for the first 3 weeks, twice weekly, followed by a one week without
dosing. In one example, 0.05 mgfxg - 0.8 mg/kg of modified enzyme can be
administered twice weekly for 3 weeks, followed by a one week without dosing.
Thus, for example, a patient can be dosed with modified enzyme on days 1, 4, 8, 11,
15 and 18, followed by a one-week of discontinued treat, over the course of the 28-
day cvele, " As noted above, the cyele of administration can be for any desired 1éngth
of time. Hence, the 28-day cvele of admimstration can be repeated for any length of
time. It is within the level of skill of the treating physician to adopt a cycle of
sdmirstration and dosing regime that meets the needs of the patient depending on
personal considerations specific to the patient and dissase to be treated.

4, Combinafions and Methods of treatment Thereof

Hyaluronan degrading enzymes such as hyaluronidase temporanly digest the
hyaluronic acid, thereby facilifating delivery of agents, Thus, for example, due to the
ability of hyaluronan degrading enzymes to open channels in the intersiial space
through degradation of glycosaminogiycans, administration of a hyvaluronan
degrading enzyme, such as a soluble hyaluronidase, permits the diffusion of
molecules, thereby improving the bioavailebility, pharmacokinetics and/or
pharmmacedynamic characteristics of co-formmiaied or co-administered molecudes, or
moiscules administered after administration of the hyaluronidase. In some ﬁ:xéx_mp}esb
the bicavailability éf the molecnies with hyaluronidase 18 70%, 20%, 9{}%‘ 91%, 92%,
9394, 04%, 95%, 96%, 87%, 98%, 99%, or 100% of the bivavailability of the
melecule without hyaturonidase administration. Typically, the bioavailability is
grepter than 90%. Io addition, as discussed above, hvaluronan degrading enzymes,
ineluding modified hyaluronan degrading enzymes, can redt tumors by virtue of ether
mechanisms. |

Thus, in one example, reatment of the hyaluronan-associated condition,
disease or disorder includes administration of a composition containing & modified
hvaluronan degrading enzyme, such a modified soluble hyaluronidase, and one or
more additional agents and/or treatment for treating the disease or disorder, for

example, an anti-cancer agent, such as a chemotherapy, antibody, vector or nucieic
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acid for treating cancer. In this example, the second treatment or agent can be
adprinistered separately or together with the hyaluromidase, For example, the
modified hyaturonan degrading enzymes are admimstered before, afier o1 with an
additional agent or treatment. Hence, hyaluronan degrading enzymes, particularly
modified hyaleronan degrading enzymes, such as pegylated soluble hyaluronidases,
can be administrated 25 therapeutic agents aione or in combination with other
therapeufic agents. Fyaluronan degrading enzyme, such as hyaluronidase,
administration can facilitate therapeutic agent delivery, for example, via intravenous,
subeutaneous and/or intra-tumoral delivery, particularly for delivery of treasments or
agents o tissues having 2 high expression of extracellular hyaluronan, for exampie,

fissnes that exhibit HALO (Der}cdluiar matrix regions that are rich in proteogiycans,
including hyaluronan) formation. By virtue of the ability of the hyaluronan degrading
enzyme, such as a hya}ummdase, to break down hyaluronan in the extracellular
mairix, hyalaronan degrading enzymes facilitate administation of 1l SYApEUTIc agenis
to the desired Jocation.

Typically, the second agent and the o modifed hyaluronan degrading enzvme,
for example, a modified hyaluronidase enzyme, are admimstered separately. For
example, the additional agent or weatment can be administered simulianecusly,
sequentially or intermiftently in any order, Typically, the modified hyaluronan
degrading enzyime, such as 8 hvaluronidase, is administersd prior to the additional

agent and/or reatment, for exampie, at least 0.5, E’. 5, 15, or 30 minutes, or |, 2,3, 4

b B

;
5,6,7,8, 10,12, 14, 16, 18, 20, 22, 24, 36, 48, 72 or more hours prior 1© the
additional agent or treatment.  in some examples, due to the long-helf life of 2
modified enzyme and its duration of action, 2 modified enzyme can be administered at
least 24 o1 about 24 'ﬁeurs, at least-48 or about 48 hours, or af least 72 or about 72
fours or mors, prior (o the adminisiration of the additional agent or treatment.
The frecuency of administration of the second agent can be empirically

determined. The determination of frequency of admimstration is within the level of 2

ciiled physician and is dependent on a mumber of factors including the parficular

disgase ot condition being trealed, the severity of disease, the patient to be treated,

i

and the cyele of administration of the modified enzyme. Generzlly, the timing of
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administration of the second agent, for example an anti-cancer agent or treatment {e.g

i

chemotherapeutic), 18 typically a function of the cyole of administration of the

modified enzyme. For example, the second agent cen be adminstered after the first

administration of the modified enzyme in 2 oycle of admimstration, and/or after any

-one or more subsequent administrations in the cycie. In other examples, the second

agent is administered after each subsequent administration of the modified enzyme in

the cycle, after every other subseqoent administration of the modified enzyme in the

1

cyele, or is administered once a week, once every two wecks, once svery three

weekes, or onee a month during the cyele of administration of the modifed enzyme.

In some examples, the second agent is only administered ance per eyele of
administration of the modified enzyme. In additional example, the second agent is

administered interrnittently between cyeles of administration. For example, the

csecond agent is not administered during the first cycle of administration, but is

LYY

administered during a second cyele, followed by skipping the third cycle and

adminisiered again during a Tourt oycle, €lc... or any Variaion nereok

The following sections describe exemplary composiions and compounds

centaining modified hyaluronan degrading snzvmes, such as modified soluble

hvaluronidases and/or other agents, methods of making them, and using them to trea

hyahuronan-associated diseases, diserders and conditions.

S COMPOSITIONS CONTAINING BYALURONAN DEGRADING
ENZYMES | ,

Provided hersin are compositions containing modified hyaluronan degrading
enzymes, in particular sohable hyaluronidases, and metheéds of using such
compositions for administration for the treatment of hyaluronan-associated dissases
and conditions. The hyaluronan degrading enzymes contained in the compostions
pz*ovi&ed herein are modified by conjugation to a polymer (e.g PEG). Any such
modified hyahwonan dagmding enzyme can be used herein provided the enzyme
exhibits enzymatic activity for hyaluronic acid {e.g hyaluronidase activity). In some

instances, the modified hyaluronan degrading enzymes used in the methods,

- compositions and combinations herein exhibit increased hyaluronidase activity

compared to theunmodified hyaluronan degrading snzyme (¢.g. not conjugated to a

polymer). Generally, ag discussed elsewhers herein, a modified hyaluronan-
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degrading enzyme exhibits increased half-life compared to an unmodified

~ hyaluronan-degrading enzyme.

Hyaluronan, also eatted hyaluronic acid or hyaluronate, is a non-sulfated
glveosaminoglycan that is widely distributed throughout comnective, epithelial, and
neural tissues. Hvaluronan 15 an essential component of the extracellular mafrix and a
major constiluent of the interstifial barrier, By catalyzing the hydroiysis of
nyaleronan, h thl]”’jﬂ an degrading enzyraes ower the viscosity of hyaluronan,
thereby imreaging tissue permeability and increasing the absorption rate of fluids
adrministered narenterally. As such, hyaluronan degrading enzymes, such as
hyaluronidases, have been nsed, for example, as spreading or dispersing agents i
conjunction with other agents, drugs and proteins to enhance their dispersion and
delivery.

Ir-}ya}uroﬁsm degrading enzymes act 1o degrade hyaluronan by cleaving
hyaluronan polymers, which are composed of repeating disaccharides units, D-
giucuronic acid {GleA) and N-acetyl-D-glucosarnine {GleNAc), linked wgzether vie
aiternating B-1—4 and [-1—73 glycosidic bonds. Hyaluronan chaing can reach about
25,000 disaccharide repeate or more in length and polvimers of hyvaluronan can range
in size from about 5,000 to 20,080,000 Da in vive., Accordingly, hyaluronan
degrading erzymes for the uses and methods provided include any enzyme having the
ability o catalyze the clawagc of a hvaluronan disacchande chain or polymer. In
some examples the yaluronan degrading enzyme cleaves the B-1—4 glycosidic bond
in the hyaluronan chain or polymer. In other examples, the byaluronan ciegraziing
enzyme catalyze the cleavage of the B-1--3 pglycosidic bond in the hyaluronan chain

r polyraer.
Hence, hyvaluronan degrading enzyines, such as hyaluronidases, are a family of
enzymes that degrade hyaluronic acid, which is an essential component of the
wiraceihilar matrix and a major constituent of the interstifial barrier. By catalyzing
the hydrolysis of hyaluronic acid, 2 major constituent of the interstitial barrier,
hyaluronan degrading enzvines lower the viscosity of hvaluronic acid, thereby
increasing tissue permeability. Ax such, hyaluronan degrading enzymes, such as

nyedaronidases, have been used, Tor example, as a spreading or dispersing agent in



10

s
LA

25

30

- 68 -

conjunction with other agents, drugs and proteins to erhance their dispersion and
defivery. Hyaluronan-degrading enzymes also are used as an adjuvant to increase the
sbsorption and dispersion of other injected diugs, for hypodermoctysis {subcutaneous
fhuid administration), and as an adjunct in subcutanecus urography for inproving
resorption of radiopague agérzm. Hyaluronan-degrading enzymes, for example,
hyahuronidase can beused in applications of ophthalmic procedures, for example,
peribulbar and sub-Tenon’s block in local anesthesia prior to ofhth.akmic surgery.
Hyaluronidase also can be use in other therapeutic and cosmetic uses, for example, by
promoting akinesia in cosmetic surgﬁ:ry, such as blepharoplasties and face hifis.
Various forms of hyaluronan degrading enzymes, including hyaloronidases
have been prepared and approved for therapeutic use in subjects, including hurnans.

The provided compositions and methods can be used, via these and other therapeutic

uses, fo treat hyaluronan-associated diseasses and conditions. For example, ammal-
derived hyaluronidase preparations inciude Virase® (ISTA Pharmacesticals), a
purified ovine testicular hyaturonidase, and Amphadase® (Amphastar
Pharmaceuticals), a bovine testicular hyaluroridase. Hylenex® (Halozyme
Therapeutics) Is & burnan recombinant hyaluronidase produced by genetically

engineered Chinese Hamster Ovary (CHO) celis containing nucleic acid encoding for

solublie tHoPH2ZO,

Exemplary of hyaivronan degrading enzymes in the compositions and
methods provided herein are soluble hyaluronidases, Other exemplary hyaluronan
desrading enzymes include, but are not limited to particular chondroitinases and
ivases that have the ability to cleave hyaluronan.

As described below, hysloronan-degrading enzymes exist in membrane-bound
or soluble form. For porposes herein, soluble hyaluronan-degrading enzymes are
provided for use in the etheds:, uses, compesiions or combinations herein. Thus,
where hyaluronan-degrading enzymes inchude a glycosylphosphatidyiinositol (GPI)
anchor and/or are otherwise membrane-anchored or insoluble, hyaluronan-degrading

enzymes are provided herein in soluble form. Thus, hyaluronan-degrading enzymes

inchude truncated variants, e.p. runcated to remove all or a portion of 2 GPI anchor.

Hyvaturonan-degrading enzyrnes provide hersin also include allelie or spécies variants
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or other variants, of a spluble hyaluronan-degrading enzyme. For example,

hyaluronan degrading enzymes can contain one or rore variations in its primary

sequedice, such as amino acid substitutions, additions and/or deletions. A vanant of a

hyaluronan-degrading enzyme generally exhibits at least or about 60%, 70%, 80%,

5 90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 98%, 9% or mors sequence ideniity
cornpared to the hyaluronan-degrading enzyme not confaining the varation. Any
variation can be included in the hyalurcnan degrading enzyme for the purposes herel
pmﬁded the enzyme retaing hyaluronidase activity, such as st least or a’o-_oui 5%4, 10%,
15%, .20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%,

1O B5%, 50%, 95% or more of the activity of a hyshuronan degrading enzyme not
containing the variation {as measured by in virro end/or in vive assays well known in
the art and described herein).

Where the methods and uses provided herein describe the use of a saluble

hyaluronidase, accordingly any hyaluronan degrading enzyme, generally a soluble

—
A

hyaluronan degrading enzyme, can be used,
i, Hyalurconidases
Hyaluronidases are members of a large family of hvaluronan degrading
enzymes. There are three general classes of hyalwonidases: marmmealian-type
hyaluronidases, bacterial hyaluronidases and hyaluronidases from leeches, other
20 parasites and crustaceans. Such enzymes can be used in the compositions,
combinations and methods provided.
F FMammaiian-type byaluronidases .
Muammalian-type hyaloronidases {(EC 3.2.1.35) are endo-fi-N-acetyl-

hexosaminidases that hydrolyze the B-1--4 glycosidic bond of hyaluronan into

2
wn

various oligosaccharide lengths such as tetrasaccharides and hexasaccharides. These
enzyines have both hydrolvie ;md transglveosidase activities, and can degrade

hyaturonan and chondroitin sulfates (T8}, generally C4-8 and C6-5. H?aiursz&idases
of this fype melude, but are not himited fo, hyaluronidases from cows (bovine) (SEQ

1D NGS:10, 11 and 64 and BHSS (U5, Pat. Nos. 5,747,027 and 5,827,721)), sheep

30 (ovis aries) !E‘,EQ ID NG 26,27, 63 and 64), yellow jacket wasp (SEQ-ID N(OS:12

o

and 13), honey bes (BEQ 1D NO:14), white-face hornet {(SEQ 1D NO:15), paper wasp
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(SEQ ID NO:16), mouse {(3EQ 1D NO8:17-19, 31), picr (SEQ D NOS:20-219, rat
(SEQ ID NOS:22-24, 30), rabbit (%,Q D NO:25)Y, ormigutan (BEQ 1D NO:28)Y,
cynomolgus monkey (SEQ ID NO:29), guines pig (SEQ ID NG:32), and human

hyaluromidases. Exemplary of hvalironidases in the commpositions, combinations and
y plary of by ;

i

methods provided herein are soluble hyaluronidases.

Ivlammalian byaluronidases can b2 forther subdivided into those that are
aeufral active, predominanily found in testes extracts, and acid active, predominantly
found in oreans such as the lver. Lvmp}aw neuiral active hyaluronidases incinde

- PH20, including but not limnited to, PH20 derived from different Sp@GiB-S- 50Ch 28 ovine
10 (BEQID NOG:27), bovine (SEQ ID NO 1) and hunman (SEQ 1D WO, Human PH20
(aﬁso known as SPAMI or sperm surface protein PH20), is generally attached to the

plasma membrane via z glycosylphosphatidyl inositol (GPI) anchor. ¥ is naturaily

imvolved in sperm-egg adhesion and aids penetration by spernm of the layer of comulus
cells by digesting hyvaluronic acid.
15 Bendes human FHZ0 (also termed 5PAM ), five hyaluronidase-iike geres

have been identified in the human genome, HYALL HYALZ, HY AL3, HY AL4 and
HYALPL HYALPT is a psendogene, and HY ALS (SEQ ID NG:38) has not beer

shown to POSSESS enzvine a@‘ii‘vity toward any known substrates. HYALA (precursor

20 towards hyaluronan. HY AL {precurser pc]ype}pti de set forth in SEQ I NO:36) 15
the prototypical acid-active enzyme and PH20 (precursor polvpeptide set forth in SEQ
I NG s the prototypical nenfral-active enzyme. Acid-active hivaluronidases, such

as HY AL and HY AL? {precursor polypeptide set forth in 5EQ ID NO:37) generally

lack catalytic activity al neutral pH {le. pH 7). For example, HY ALL has little

2
o

cataiytic activity in vitro over pH 4.5 (Frost et al. (1997) Aral Biochem. 251:263-
Z69). HY ALZ is an acid-active enzyme with a very low specific activity in virro. The
hyaluronidase-like enzymes also can be characterized by thoss which are gane:faiiy
attached to the plasma membrane via a ghycosylphosphatidyl inesitol (GPI) anchor
such as human HY ALZ and haman PH20 (Danilkovitch-Miagkova, er al. (2003) Proc
30 Natl Acad Soi USA 100{83:4580-5), and those which are generally soluble such as

hunan HY AL (Frost ef af {1997) Biochem Biophys Res Cormmun, 236(1):10-5).
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PH20, iike other mamnalian hvaluronidases, is an endo-8-N-wcetyl-
hexosaminidase that hydrolyzes the Bl—+4 glycosidic bond of hyalurounic acid into
various oligosaccharide lengths such as tetrasacchanides and hexasaccharides. They
have bath hydrolvtic and ransglyoosidase activities and cen degrade hyaluronic acid
and chondroitin sulfates, such as C4-8 and C6-8. PH20 18 naturwy involved in
Sperm-egg adhesion and aids penefration by sperm of the layer of cumualus cells by
di gavtmy hyaturonic acid, PH20 is located on the sperm surface, and in the lysosoine-
dertved acrosome, where 1t 18 bourd to the inner acrosomal membrane. Plasma
merabrane FHZ0 has hyaluronidase activity only at neutral pi, while inner acrosomal

ernbrane PHZO has activity at both neutral and acid ptl. In addition to being &
hyaluronidaze, PT120 also appears to be a receptor for HA-induced cell signaling, and
a receptor for the zona pellucida surrounding the oocyte.

Exemplary PH20 proteins inchide, but are not limited to, human (precursor
polypeptide set forth in SEG (D NG mature polypeptides set forth in SEQ 1D NO:
2y, ehirrzpa.nzs: (SEG ID MO101), Rhesus monkey (5EQ [D NO:102) bovipe (5EQ

MOS: 11 and 64), rabbit {SEQ 1D NO: 235), ovine PHZ0 (SEQ 1D NOGS: 27, 63 and
653, Cynomolgus monkey (SEQ ID NO: 29), guinea pig (SEQ ID WO 32), rat (SEQ
1D MO: 30) and mouse (SEQ ID MO 31) PH20 polypeptides.

Bovine PH20 15 2 553 amino acid precursor polypepiide (SEQ ID NO1 1)

1

Alignment of bovine PH20 with the hurnan PH20 shows onty weak bomnolegy, with

rimitiple gaps existing from amino acid “L 70 through 1o the respective aamoxy eI

4

s GF1 anchor in the bovine polypeptide (see 2.2., Frost Gl

dus to the absence of a

(2007 Expert Opin. Drug. Deliv. 41 427-440), In fact, clear GP1 anchors are not
nredicied in many other PH20 species besides humang. Thus, PH20 polypeptides
produced from ovine and bovine naturally exist as sohible forms. Though bovine
PH20 exists very loosely attached to the plasma membrane, it 1s not anchored wa a
oh osvmohp ensitive anchor (Lalancette ef af, (2001) Bio] Reprod, 65({21:628-36).
This uvmgue featurs of bovine hyaluronidase has permitied the nse of the soluble
bovine testes hyaluronidass enzyme ag an exiract for chinical use (Wydase®

Hyalase®).

3
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The human PH20 mRNA franscript 18 normally franslated to generate a 309
armine acid precurser potypeptide (SEQ 1D NO:1) containing a 35 amino acid signal
sequence at the N-terminus (aming acid residue positions 1-35) and 2 19 amine acid
glyeosylphosphatidyiinesitol (GPI) anchor attachment signal sequence at the C-
terminas \ﬂiﬁiﬂO acid residue positions 491-509). The mature PH2Z0 is, therefors, a
474 amine acid polypeptide set forth m SEQ [ NO:2, Following transport of the
precursor polypepiide to the ER and removal of the signal peptide, the C-terminal
GFl-attachment signal peptide 15 cleaved fo facilitate 'wd}v i sttackmneni of & GP
anchor to the newly-formed C-terminal amino acid at }w amino. acid pesition
corresponding to posiion 490 of the precursor polypeptide set forth in SBQ 1D N1
Thus, a 474 amino acid GPl-anchored mature polypeptide with an amino acid
sequence sef forth in SEQ 1 NO:2 is produced.

Human PH20 exhibits hyaluronidase activity at both neutral and acid pH. In
OnE BSHEC Hhm:m PH20 is the prototypical neutral-active hyaluronidase that is
generaily locked o the plasma membrane via a GPI anchor. In another agpect, PH20
13 expressed on the mner acreosemal membrane where it has hyaloronidase activity at
both neutral and aoid pH. It appears that PH20 contains two catalyiic sites al distinet
regions of the polypeptide: the Peptide | and Peptide 3 regions (Cherr =t al,, (2001)
Matriz Biology 20:515-523), Bwvidence suggests that the Peptide 1 region of PH20,
which corresponds to amino acid positions 107-137 of the mature polypeptide set
forth in SEQ ID NO:Z and positions 142-172 of the precursor polypeptide set forth in
BEQ D N, 1s required for enzyme activity at nevtral pH. Amino acids at positions
Vil and 113 (c,o:r"e::pomimo to the mature PH20 polypeptide set forth in SEQ 1D
MG2) within this region appear to be important {or activity, as mutagenests by armino
acid replacement results in PH20 polypeptides with 3% hyalutonidase acoivity or
undetectable hyaloronidase activity, respectively, compared to the wild-typs PH20
{Armng et al., (1997) Eur. I, Biochem, 247:810-814).

The Peptide 3 region, which comesponds to amine scid posttions 242-262 of
the mature polypeptde set forth in SEQ 1D NO:2, and positions 277-297 of the

~

precursor polypeptide set forth in 3EQ D NO: |, appears to be important for enzyme

-

acttvity at acidic pH. Within this region, amino acids at positons 249 and 252 of the
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- mature PE20 polypeptide appear to be essential for activity, and mutagenesis of either

ge
oneresults in a pol yﬁe"shd\, essentially de VON‘ of activity (Axmmcr ot al., {1987 Bur,
1. Biochem. 247:810-814),
In addition to the catalytic sifes, PH20 also contains a hyaluronan-binding site.
Experiﬁﬁemai evidence suggest that this site is located in-the Peptide 2 region, which
wesponds to arnino acid positions 205-235 of the precursor polypeptide set forth in

SEQID NGO 1 and po—s;itzoms 170-200 of the matre polypefptzde set forth in SEQ ID

CNO2. This regon 18 highly conserved among hyaluronidases and 1s stmilar (o the

heparin ?;‘iﬁding motif. Mutation of the ‘aw;iﬁinP residue at Uosir’iém 176 (corresponding
i the mamfe PH20 polypeptide set m"’fh in SEQ IDNO ) toa bivcmu results in a
pol }mwm with only about 1% of the hyaluromidase activity of the wild type
pu}ypepnde {Arming et al., (1997) Eur. J. Biochem. 247:810-814).

There are seven potential N-linked glycosylation sites in human PH20 at N2,
N166, M235, N234, N36E, M393, N4AS) of the polypeptide exemplified w 5EQ D
HNO: 1, Because amino acids 36 1o 464 of SEQ ID NO: 1 appears o confam the
minirpally active hurnan PH20 hyeloronidase dormain, the N-linked glycosylation siie
N-490 15 not required for proper bvaluronidase activity. There are six disulfide bonds

in hurnan PH2Z0. Two disuiphide bonds between the cysisine residues Col and C351

‘and between C224 and C238 of J’l polypeptide exemplified i SEQ D NO T

v i

(mrr sponding to residues C25 and 31 63 and C189 and C203 of the mature
o lvweptxde set forth in 5 EOID NO2respectively). A further four disulphide bonds

are formed between between fhe cysieine residues C376 and C387,; between (381

end C435: between C437 and C443; and between 458 and £464 of the polypeptide

exr:mplifiad in SEQ 1D MO: 1 (corresponding to residues C341 and C352; between

C34€ and C400; between £402 and C408; and bi-:‘twaf:n 423 and €428 of the mature

polypeptide set forth 1o SEQ ID NOL2, respectively).
B, Bacterial hyaluronidases
Bacterial hyaluromidases (EC 4.2.2.1 or EC 4.2.99.1) degrade byaluronan and,
1o various e:{.teﬁ‘%ﬁs; chondroitin sulfates and dermatan sulfates. Hyaluronan lvases
isolated from bactenia differ from hyai_uronida.ses (from other sources, e.g.,

r

hvalwoneghicosamimdases, EC 3.2.1.35) by their mode of achen. They are endo-3-
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N-acetylhexosaminidases that catalyze an elimination reaction, rather than hydrolysis,
of the Bl-=4-glveosidic linkage between MN-acetyl-beta-I-glucosamine and D-
glucuronic acid residues in hyaluronan, vielding 3-{4-deoxy-B-D-gluc-4-enurcnosyl)-
'N-—ac;ﬁtyI-D—giucos;?nnine fefra- and hﬁ}{asacchmidfss, and disaccharide end products
The reaction resulis in the formation of oligosaccharides with unsaturated hexuronic
acid residues at their nonreducing ends,

Exemplary byeturomdases from bacteria for use in the compositions,
combinations and methods pf‘O'\/ided incinde, but are not limited to, hyahwronan
degrading enzyines in microorganisms, including strains of Arthrobacter,
_Bdeli(;vibrio, Clostridinm, Micrococous, Streptococcus, Peplococeus,
FPropionibacterium, Bacteroides, and Streptomyces.  Particular examples of such
enzymes inchude, ot are not himited to Arihrebacter sp. (strain FB24) (SEQ 1D
NOETY, Bdellovibrio bacteriovorus (SE TD WG 08) Fropionibacierium aenes (SEQ

.4

D NO: 69) Streprococcus agalactioe {{ SEQ I 1BRE N7y

s o g i
Rl I 2 \L_D o Fra] \;L)}‘;J i

{strain COL (SEQ I NO:74); stramm MREAZS52 (8]
MESA4TE

ool

EGID NOTT; strain NCTC 8325 (SRO D 7?} strain bovins

s
RF122 (8EQ ID NOS:79 and 80); strain USA300 (SEQ ID NO:81), Sireptococcus

preumonige ((SEQ 1D NOE2); strain ATCC BAA-255 /7 R6 (SEQ 1D NO:83)Y;

serotype 2, strain D39/ NCTC 74660 (SEQ 1D NO84), Strepiococcus pyogenes
{serotype M1} (BEQ 1D NO85); serotype M2, strain MGASI10270 (SEQ ID NO:E6);
serotype M4, straxn MGAS10750 (SEQ 11D NO:87); serotype M6 (SEQ 1D NO:88);
serotype M12, strain MGASZ0%6 (BEQ 1D NOS:89 and 90, serotype M 12, strain
MOASD4Z9 (5 ‘FQ ID MWOO 1), serotype W2E (SEQ ED NO:B2Y; Streplococcus suis
(SEQ D NOS:93-9 Y, Vibrio fischeri (strain ATCC 700601/ ES114 (SEQ D
NO:96}), and the Srrepmm_)mfzs hyaluronolyiices hyaluronidase enzyme, which is
specific for hyai‘ummm acid and does not cleave chondroitin or chondroitin sulfate
{Ohye, T and Kaneko, Y. (1970) Biochim. Biophys. Acta 198:607).

2. Hyaluronidases from lesches, other parasites and

crusigoeans
Hyatarenidases fronmi lesches, other parasites, and crustacsans (EC 3.2.1.36).

are endo-f-glucoronidases that geperate telra- and hexasaccharide end-products.
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These enzymes catalyze hydrotysis of 1—3-linkages between §-D-glucuronate and N-

acr—:‘rylewﬁ}ucosamine residues in hyaiumnate EXPmplaW hyaluronidases from -
lzeches include, but are net Hmited to, hvaluronidase from Hirudinidae (e.g., Hirudo
medicinglis), Erpobdellidae (e.g., Nephzlopsic obscura and Erpobdella punciata,),
Clossiphoniidae (e.g., Desserobdella picta, Helobdella stagnalis, Glossiphonia
complanata, Plecobdelln ornata and Theromyzon sp.) and Hacmopdae (Haemaopis
marmorate) (Hovingh ef al. (1999) Comp Biochem Physiol B Biochem Mol Biol.
124(31:310-26). An exemplary hyaluromidase from bacterla that has the same
mechanism of action as the leach hyaluronidase 1s that from the ¢ \,fd”l()bclhf(f}“:
Synechococcus sp. {strain RCC307, u} G ID NO9T7).

i, Other fiylﬁ“m?mx c‘&mgmdmn BILTY LS

In addition to the hyaluronidase family, other hyaluronan degrading enzymes
can be used in the compositions, cornbinations and methods provided. For ex ample,

enzymes, inchuding particular chondroitinases and lyases, that have the ability to

for e g S
CITEV D YT LB O O

hyaluronan melude, but are not limited 1o, chondroitin ABC lyase (also known as
chondroitinase ABC), chondroitin AC tyvase (also known as chondroitin suifate lyase
or chondroitin sulfate eliminase) and chondroitin Clyase. Methods for production
and purification of such enzyrnes for use in the compositions, combinations, and
nethods provided are known in the art {z. g, U.8. Patent Mo. 6,034,569 Yamagata, ef
al, (1968) .7 Biol. Chem., 243(Ty1523-1535; Yang et al, {1985y J. Binl Chem.
160(30):1849-1857).

' Chondroitin ABC lvase contains two enzymes, chondrottin-sulfate-ARC
endolyase (BC 4.2.2.20) and chondroitin-sulfate-ABC exolyase (EC 4.2.2.2 21y (Hamai
er al. (1997).J Biol Chem. 272(14):9123-30), which degrade a variety of

ghveosaminoghveans of the chondrottin-sulfate- and dermatan-suifate type.

4
Chondroitin sulfate, chondroitin-sulfate proteoglycan and dermatan sulfate are fhe
preferred substrates for chondroitin-sulfate-ABC endelyase, bul the enzyme alse can

act on hyalurosan at a lower rate. Chondrontin-sulfate-ARC endotyase degrades a

oo

variety of glveosaminoglyeans of the chondroitin-sulfate- and dermatan-sulfate type,

[

producing a mixhre of Ad-unsaturated oligosacchandes of different sizes that are
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uit: mately dagraded to Ad-unsaturated tetra- and disaccharides. Chondroitin-sulfate-

ABC exolyase has the same substrate speciicity but removes disaccharide residues

*from the non-reducing ends of both polyrneric chondroitin sulfates and their

onfszmchmde fragments produced by chondroitin-suifate-ABC endolyase (Hamai,
AL et al {?_997} J. Biol Chem. 272:8123-9130). A exemplary chondroitin-sulfate-
ARC endolyases and chondroitin-sulfate- ABC exolvases include, but are not Hmited
to, those from Proteus vulgaris and Flavobacterium heparinum (the Proteus vulgaris
chondroitin-sulfate- ABC endolyase is set forth n SEQ ID NO: 98 (Saio et al, (1994)
Appl. Microbiol. Biotechnol. 41(1330-483.

Chondroitin AC Ivase (BC 4.2.2.5) is setive on chondroitin sulfates A and C,
chondroitin and hyaluronic acid, but is not active on dermatan suifate (chondroitin
sutfete B). Exemplary chondroitinase AC enzymes from the bacteria include, but are
not limited to, those from Flavobacterium heparinum and Victivallis vadensis, set
forth in SEQ ID NOS:99 and 100, respectively, and drthrobacter aurescens {Tkalec
et ol (2000} Appiied and Envirommental Microbiology 66(1):29-35; Emst et al,
(1995) Critical Reviews in Biochemistry and Molecular Biclogy 30(5):387-444),

Chondreitinase C cleaves chondroitin sulfate C producin

& o g H
ng teirasaconarids pius

2

-

an unsaturated G-sulfated disaccharide (delia Di-68). It also cleaves hyaluronic acid
producing unsaturated non-sulfated disaccharide (delia D1-08). Exemplary
chondroitinase C enzymss from the bacteria include, but are not Hmited to, those from
Streprococcus and Flavobacterivm (Hibi et ol (1989} FEMS-Microbiol-Lett,
48(2y:121-4; Michelacet et al, {E@f@}J Biol Chem. 251:1154-8; Tsuda er al. {1999)
Eur J. Biochem. 202:127-133)

3. Soluble byaluronan degrading enrymes

?rovidt—:d in the compositions, combinations, uses and methods herein are
modified soluble hyaluronan degrading enzymes, including modified soluble
hyaluronidases. Soluble hyaluronan degrading enzymes include any hyaluronan
degrading enzymes that exist in soiuble forin, including, but not limited to, soluble
hyaluronidases, including non-human sotuble hyaluronidases, including non-human
animal soluble hyaluronidases, bactenal sohuble hyahwronidases and human

hyaluronidases, Hyall, bovine PH20 anc ovine PH20, allelic veriants thereof and
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other variants thereof. For example, inchuded among soluble hvaluronan degrading
ENZYINEes ave any o ya%umnw degrading enzymes that have been modified fo be
soluble. For example, hyaluronan degrading enzymes that contain & GPI anchor can
be made soluble by truncation of and removal of all or a portion of the GPI anchor.

I one example, the homan hyvaloronidase P1 {2&’) which is normally membrane
anchored via 2 GPI anchor, can be made soluble by trupcation of and remeoval of all or
& portion of the GP! anchor at the C-terminus,

S.oiu‘zﬂc hyaluronan degrading enzymes also inchude newiral active and acid
active hvalwronidases, Depending on factors, such as, but not limited to, the desirad
level of activity of the enzyme following administration and/or site of administration,
neutral active and acid active hyaluromdases can be selected. In a particular exampls,
the hyaluronan deprading snzyme for use in the compositions, combinations arud
methods herein is & soluble neutral active hyaluronidase.

Exemplary of & soluble hyalwonidase is PH20 from any species, such as any
set forth in any of SEQ 1D WS 1,2, 11, 25,27, 30, 31, 63-65 and 101-104, or
truncated forms thereof lacking all or 2 portion of the C-terminal GP1 anchor, so long
as the hyaluromidase is soluble and retains hvaluronidase activity. Also inciuded
amnong soluble hyaluronidases are allelic vartunts or other variants of any of SEQ 1D
MNOB, 2, 11, 25, 27 30 31, 63-65 and 101102, or truncated forms thersof. Allelic
variants and other vafzan‘ts are known to one of skill 1 the art, and includs

nolypeptides having 60%, 70%, 80%, 90%, 91%, 92%, 93%, 04%, 95%. 96%, 87%,
98% or more sequence identity to any of SEQ ID NOS: 1,2, 11, 25, 27, 30 31, 63-65
and 101-102, or truncated forms thereof. Amino acid variants include copservative
and non-conservaitve mutations. It is undersicod that residues that are impor’cani or
otherwise required for the ac o vity of a byvaluronidase, such as any de ed above or
known to skill in the art, are generally invariant and cannot be changed. These

inchude, for example, active site residues. Thus, for exdmple, amino acid residues
111, 113 and 176 {corresponding to residues in the matare PHZO polypeptide set forth
in SEQ D NG of a human PH20 polypeptide, or.soluble form thereof, are
generally invariant and are not altered. Other residues that confer glycosylation and

formation of disulfide bonds required for proper folding alsc can be invariant.
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In some instances, the soluble hyaturonan degrading enzyme is normally GPR-
anchored (such as, for example, human PHZ0) and is rendered soluble by truncation at
the C-terminus. Such truncation can remove all of the GP[ anchor atfachmment signal
sequence, or can remove only some of the GPI anchor attachment signal sequence.
The resulting polypeptide, however, is soluble. In instances where the soluble
hyaiuronan degrading enzyme retzins a portion of the GPI anchor attachmment signal
sequence, 1, 2, 3,4, 5, 6, 7 or more amino acid residues in the GPl-anchor attachment
signal sequence can be retained, provided the polypeptide 15 soluble. Pelypeptides
containing one OT Iore Aming acids of the GPI anchor are termed extended soloble
hyaluronan degrading enzymes. One of skill in the art can dete ermine whether a
polypeptide s GPI-anchored using methods well known n the art. Suchrnethods
include, but are not Bmited {o, using k_ndwn atgorithrs to predict the presence and
scation of the GPIL-anchor attachment signal sequence and @-site, and performing
solubility analyses before and after digestion with phosphatidylinesitol-speciiic
phospholipase C (PLPLC) or B (PL-PLL).

Extended soluble hyaluronan degrading enzymes can be produced by making

C-terminal frupcations to any naturally GPl-anchored hyaluronan degrading enzyme
such that the resulting polypeptide is soluble and contains one or more aming acd
residues from the GPl-anchor attachinent signal sequence. Exemplary extended

luble hyaluronan degrading enzymes that are C-terminally truoncated bud retain 2
portion of the GPI anchor attachment sipnal sequence include, but are not himited to,
extended soluble PH20 {esPH20) polypeptides of primate origin, such as, for

example, hurnan and chimpanzee esPH2Z0 pot jpe‘pud 8. For example, the esPH20

polypeptides can be made by C-terminal truncation of any of the mature or precursor
potypeptides set forth n SEQ ID MOy, 2 or 101, or allelic or other variation thereof,
incloding active fragment thereol, wherein the resulting polypeptide is soluble and
retains one or more amino ackd residues from the GPl-anchor attachment signal

seguence. Allelic variants and other variants are known 1o one of skill in the art, and

include polypeptides having 60%, 70%, B0%, 90%, 91%, 92%, 93%, 94%, 95% or
more sequence identity to any of SEQ D NOS: | or 2. The esPH20 polypentides

provided herein can be C-terminally trumcated by 1,2, 3,4, 5, 6,7, €, 9, 10 or more



L% ]

Fav)

25

3G

- 70 -

amino acids compared to the wild type polypeptide, such as a polypeptide with a
sequence set forth n SEQ ID MNOS: 1,2 or 101, provided the resulting esPH20
polypeptide is soluble and retains 1 or more amino acid residues from the GPl-anchor
attachment signal sequence,

Typically, for use in the compositions, combinations and methods herein, s

soluble buman hylauronan degrading enzyme, such as a soluble human PH20, s used.

Although hylauronan degrading enzymes, such as PH20, from other animals can be

utilized, such preparations are potentially immunogenic, since they are animal
proteins. For example, a significant proportion of patientz demonstrate prior
sensitization secondary to ingesied foods, and since these are andma! proteins, &l
patients have a risk of subseguent Scnsftization'. Thus, non-human preparations may
not be suitable for chronic use. If non-hiaman preparations are desired, it is
conternplated herein that such polypepiides can be prepared to have reduced
munogenicity. Such modifications are within the level of one of skill m the art and
can inciude, Tor example, removal and/or replacement of one or more anbigenic
epifones on the molecule.
Hyaluronan degrading enzymes, mchiding hyaluronidases (e g, PH20), used
i the methods herein can be recombinantly produced or can be purified or partialiy-
purified from natural sources, such as, for example, from testes extracts. Methods for
recombinant profeins, me 1‘&51“;1‘“(_,{}111011"&1’1 hyzluronan degradimg
enzymes, are provided elsewhere herein and are well known in the art.
2. Soluble Human PH20
Exemplary of a soluble hyaluronidase is soluble human PH20. Soluble forms
of recornbinant human PH20 have besn produced and can be used in the
cormnpasitions, combinations and methods deserbed hersin. The production of such
soluble forms of PHZ0 15 desceribed in U8, Published Patent Application Mos.
US20040268425; U 20050260186 and USZ0060104968, and in the Exanmies,
below. For example, soluble PHZO polvpeptides, include C-terminally truncated
variant po}ypap‘tides that include a sequence of amino acids in SEG 1D NO: L, or have
at least 91%, 92%, 93%, 94%, 95%, 3%, §7%, 98% sequence identity o 4 sequence

of amino acids included in SEQ ID NO: 1, retain hvaluromdase activity and are
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soluble. Included among these polypeptides are soluble PHZ0 polypt ptides that
completely lack all or 2 portion of the GPI-anchor attachment sagnai sequence.  Also
mchuded are extended soluble PH20 (esPHZ0) polypeptides that contain at least one
amine acid of the GPT anchor. Thus, instead ofhaving & GPl-anchor covalently
attached to the C-terminus of the protein in the BER and being anchored to the

extracelinlar leaflet of the plasma membrane, these pf}lsqmptidas are secreted and are

oluble. Coterminally truneated PH20 polypeptides can be C-terminally fruncated by
1,2,3,4,5,6,7,8,59,10, 11,12, 13,14, 15,16, 17, 18, 19, 28, 25, 30, 35,40, 45, 50,

5, 60 or more amino acids compared to the full length wild type polypeptide, such asa
ull length wild type pol‘yp&:@i%da with a sequence sat forth in SEQ ID NOS1 or 2, or
allelic or species variants or other vanants thereof.
Exermnplary C-terminally truncated human PHZ0 polypeptides provided herein
mclude any having C-terminal truncations o generate polyoeptides contatming armino
acid 1 to amino acid 465, 466, 467, 468, 469,470, 471, 472, 473, 474, 475, 476, 477,

475, 479, 480, 481, 482, 483, 484, 485, 480, 487, 488, 489,400, 401, 492, 403, 404,

b

b, 0T

493, 406, 497, of the sequence of amino acids set forth in SEQ IDNO: 1, or
carz‘@spondmg positions in an allelic or species variant thereof. When expressed in

o

mammalian ceiié, {he 33 amino acid N-terminal signal sequence is cleaved during
processing, and the mature form of the protein is secreted. Thus, exernplary mature
Coterminally truncated solulbe PH20 polypeptides can contain amine acids 36 to 465,

56, 467, 468, 469, 470, 471, 472, 473 474 475 476, 477, 478, 475, 480, 481, 482,
483, 484, 485, 436, 487, 488, 489, 490,401, 492, 493, 494, 495, 496, 487 of the
sequence of amino acids set forth 1 SEQ 1D NO: 1 or corresponding positions in an

alielic or species variant thereof. Table 2 provides non-lirniting examples of
exemplary C-terminally truncated PH20 polypeptides, inchuding Ceterminally
truncated soloble PH20 polypeptides. In Teable 2 below, the length (in amino acids) of
the precursor and mature polypeptides, and the sequence identifier (SEQ 1D NOY in
which exemplary amino acid seguences of the precursor and mature polypeptides of
the C~ténnina£!y trupcated PH20 proteins are set forth, are provided. The wild-type
PH20 potypeptide also is included in Table 2 for comparison,

oy \

Table 2. Exemplary C-terminally troncat ﬂd PHIO polypeptides

X
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Polypeptide Precursor i Precursor Matere | Mature
{amino acids) L SECQID NO | (amine-acids) | SEG D WO
wildtype 509 i 474 2

SPAMI-FIVE 497 107 467 151
SPAMI-MFIV 496 141 461 183
SPAMI-TMFI 495 I 08 460 152
SPAMI-ATMFE 494 142 450 186
SPAMI-SATM 493 109 458 153
SPAMI-LSAT 497 | 143 457 187
SPAMI-TLSA 491 , 110 456 154
SPAMI-PSTL 489 111 | 454 155
SPAMI-SPET 488 , 144 | 453 138
SPAMI-STLS 490 i 112 455 156
SPAMI-ASPS 487 113 452 157
SPAMI-NASP 486 145 451 189
SPAMI-YNAS 485 114 450 158 ;
SPAMTFYNA 484 115 449 150
SPAMI-IFYN 483 46 445 43
SPAMI-QIFY 482 3 447 4
SPAMI-POIE ! 481 ; 4% 5 426 | 5 |
SPAMI-EPOL 480 | 44 | 445 5 |
SPAMI-BEPD 479 43 444 i
SPAMI-TEEP 478 42 443 8
SPAMI-ETEE | . 477 | 41 J 447 9
SPAMI-METE 476 116 441 150
SPAMI-PMET 475 117 440) 161
SPAMI-PPME 474 118 430 162
SPAMI-KPPM 473 119 438 163
SPAMI-LEPP 472 | 120 437 164
SPAM]-FLEP 47] | 121 436 165
SPAMI-AFLE 470 122 435 166
SPAMI-DAFL 469 123 434 167
SPAMI-IDAF 468 124 433 168
SPAMI-CIDA 467 40 437 47

SPAMI-VCID 466 125 § 431 169

T SPAMI-GVEI 463 126 ! 430 170

Soluble forms include, but are not limited to, any having C-terminal
runcations fo generate polypeptides containing amino acids | to amino acid 467, 477,
478, 479, 480, 481, 482 and 423 of the segquence of amino acids set forth in SEG 1D
NO:1. When expressed m mamenalian cells, the 35 anyno acid N-termipal signal

sequence 18 cleaved during processing, and the maturs form of the protein s secreted.
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Thus, the mature soluble polypeptides contain amine acids 36 to 467, 477, 478, 479,
480, 481, 482 and 483 of SEQ ID NO:1. Deletion mutants ending at amino acid
position 477 to 483 (corresponding to the precursor polypeptide set forth in SBEQ ID
NO:1) exhibit higher secreted hyaloronidase activity than the full length GPI-
anchored form. Hence, exm'ﬂ%:}-’iary of sofuble hyaluronidases soluble hurnan PH20
polypeptides that are 442, 443, 444 445 446 or 447 amino acids in length, such as set
forth in any of SEQ 1D NOS: 4.9, or allelic or species vaziants or other variants
thereaf.,
rally %Glubl forms of PH20 are produced using protein expression
systems that facilitate correct N- ?Eywey}atz{m to ensure the polypeptide retains
activity, since glycesylation is nmormm for the catalvtic activity and stability of
hyaluronidases. Such cells inclede, for example Chinese Harmster Ovary (CHO)Y cells
{e.g. DG44 CHO cellg).
i, rEuP Il
Lepombinant soluble forms of human PHZ0 have been generated and can be
uged in the compositions, combinations and metheds provided herein. The generation
of such soluble formos of recombinant hurran PH2Z0 are described i ULS. Published
Patent Application Nog, US20040268425; US 20050260186 and USEO%QEO‘@S&
and in Examples 2-6, below. Exemplary of such polypeptides are those generated
from a nucleic acid molecule encoding amine acids 1 ~402 {set forth in SEQ ID NO:3)
Such an exemplary nucleic acid molecule is set forth in SEG 1D NO:49. Pos
translational processing removes the 35 amino acid signal sequence, leaving a 447
armino ackd soluble recombinant human PH2Z0 (SEQ 1D NO4). As produced inthe
cultire medium there 13 heierogeneity at the C-termminus sueh that the product,
designated rHuPH20, includes a moaxture of species that can inchude-any one or more
of SEQ D NOS. 4-2 in variovws abundance. Typically, rHuPH20 is produced in cells
that facilitate correct N-glycosvlation to retain activity, such as CHO cells {e.g. DG44
CHO ceils).
4, Clveosyiation of byaluronan degrading enrymes
Glvoosylation, including N- and O-linked giveosylation, of some hyvaluronan

degrading enzymes, including hyaloronidases, can be mportant for their catalytic
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activity and siability. While altering the type of ghycan modifying a ghycoprotein can

have dramatic affects on a protein's antigenicity, structural folding, solubility, and

stabality, most enzymes are not thought fo require glyveosylation for optimal enzyme

acitvity. For some hyaluronidases, removal of N-linked glycosyiation can result in
near complete inactivaiion of the byalwronidase activity, Thus, for such
hyaluromidases, the presence of M-linked glysans is critical for generating an active
BAEYING, _

MNelinked oligosaccharides fall into several major types {oligomannose
complex, hybrid, sulfated), all of which have (Man) 3-GleNAc-GleMN Ac-cores
attached via the amide nitrogen of Asn residues that fall Withfﬁ.»«f&%»«Kaafl“h;‘/ Ser-
sequences (where Xaa is not Pro) Glycosylation at an-Asn-Xaa-Cys-site has beeo
reported for coagulation protein C. In sorne instances, a hiyal uronan degrading
enzyine, such as a hyaloromidase, can contain both N-glycosidic and O-glycosidic
Iinkages. For example, PH20 has O-linked oligosaccharides as well as N-linkad
ohgosacchandes. There are seven poteniial N-linked glycosylation sites at Ng2
N166, N235, M254, N368, N393, N460 of haman PH20 exemplified in SEQ ID NO:
1. As noted above | H»hnkeci glvcoosviation at N490 is not reguired for hyaluronidase
activity,

In some examples, the hyaluronan degrading enzymes Tor use in e

compositions, combinations and/or methods provided are glycosviated af one or all of

the ghycosylation sites. For example, for human PH20, or « soluble form thereof, 7, 3,
4,5, or 6 of the N-glvcosylation sites corresponding to amino acids NEZ, N166, N235,
M254, NEEE, and W392 of SEQ ID NO: 1 are glycosyiated, In some examples the

hyaluronan degrading enzymnes are glyoosylated at one or more native glycosylation

sites. In other examples, the hvaluronan degrading enzymes are modified at ope or
more non-native glycosylation sttes to confer glycosylation of the polypeptide at one

pr more additional site. In such examples, attachment of additional sugar moieties

o
o
s

enhance the pharmacokinetic properties of the moelecule, such as improved half-
life and/or improved activity.
in other exampies, the hyaluronan degrading enzymes for use in the

composiions, combinations and/or methods provided herein are partially
o pal
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deglycosylated (or Mepartially 2 yc,osvhtcd polypeptides). For example, partially
deglycosylated soluble PH20 polypeptides that retain all or 2 portion of the
hyaluronidase activity of a fully g‘iycmsyimed hyaluronidase can be used in the
cﬁmp gitions, combinations and/or methods provided herein. Exemplary partially
deglycosylated hyaluredinases include soluble forms of a partially deglveosylated
PE20 polypeptides from any species, such as any set forth in any of SEQ 1D NOS: 1
2,011,235, 27,29, 30, 31, 32, 63, 65, 101 and 102, or allelic varants, truncated
variants, or other variants thereof. Such variants are known to one of skill in the art,
and include pelypeptides having 60%, 70%, B0%, 90%, 91%, 92%, 93%, 04%, 95%
or more sequence identity 1o any of SEQ IDMOS: 1, 2,11, 25, 27, 29, 30, 31, 32, 63,
65, 101 and 102, or truncated forms thereof. The partially deglveosylated

nyaluronidases provided hersin also include hybnid, fusion and chimeric partially

3

deglycosylated byaloronidases, and partially depiveosylated hyaluronidase
conjugates,

Glycosidases, or glycoside hydrolases, are enzymes that catalyze the
hydrotysis of the glycosidic linkage to generate two smaller sugars. The major fypes
of N-glveans m vertebrates include high ynannose glycans, hybnd ¢ ,_i‘ cans and

compiex glveans, There are several glycosidases that result in only pariial protein

N

deglyeosylation, including: EndoF1, which cleaves high mannose and hybrid type
giveans; EndoF2, which cleaves biantennary complex type ziveans; EndoF3, which
cleaves biantennary and more branched complex glycans; and EndeH, which cie&w&s.
high mannese and b /Jnd type glveans. Treatment of 2 hyaluronan degréding
enzving, such 2s a soluble hyaluronidase, such as 2 soluble PH20, with one or all of
these glycosidases can result in only partial deglycosylation and, therefore, reteniion
of hyaluronidase activity

Partially deglveosylated nyalurona degrading enzymes, such as pariially
deg}ymsymted soluble hyaluroridases, can be produced by digestion with one or

more glycosidases, generally 2 glycosidase that does not remove all M-glycans but

only parially deglveosylates the protein. For example, trestment of PH20 (e

S

o

1

recombinent PH20 designated yHuPH20) with one or all of the above glveosidasss

{e.g. EndoFl, EndoF? and/or EndoF3) results in partial deglycosylation. These
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artially deglycosylated PH20 polypeptides can exhibit hyaluronidase enzymatic
p y deglycosy PoIypel ;

activity that is comparable to the fully ghycosylated polypeptides. In contrast,

fial

treatment of PH20 with PNGaseF, a giveosidase that cleaves al] N-glycans, results in
complete rernoval of all Meglveans and thereby renders PH20 enzymatically inactive.
Thus, althongh all N-linked glycosylation sites (such as, for example, those at amino

acids N82, N166, N235, N254, N36&, and 393 of human PH20, exemplified in SEQ

~
1D NG 1) can be giveosylated, teatment with one or more glycosidases can render
the extent of glvecosylafion reduced compared o a hyaluwronidase that is not digested
with one or more glycosidases.

The partially deglyeosylated hyalm—omn degrading enzymes, includihg
partially degiveosylated soluble PH2O polypeptides, can have 10%, 20%, 30%, 40%,
50%, 60%, 70% or 8G% of the level of glycosylation of a fully glycosyiated.
polypeptide. Typically, the partially deglvciosylated hyaluronan degrading enzymes,
including partially deglyeosylated soluble PH20 polypeptides, exhibit hyaluronidase
acuvity that s 10%, 20%, 30%, 40%, 50%, 60%, T0%, §0%, 0%, 100%, 1:09%,
120%, 130%, 140%, 150%, 200%, 300%, 400%, 500%, 1000% or more of the
hyaluromdase activity exiibited by the fully glyveosylated polypeptide.

5. Modified (Polvimer-Conjugated) Hyaluronan Degrading Enrvmes

v one example, the provided composttions and combinations contain
hyaluronan degrading enzymes, in particular soluble hvaluronidases, that have been
modified by conjugation to ons or more polymeric molecole (polymer), typically o
increase the half-life of the hyaluronan degrading enzyme, for example, to promote
prolonged/sastained treatment effects in a subject.

Covalent or other stable attachment {conjugation) of polymeric molecuiss,
such as polyethylene glyveo! (pegylation motety (PEG)), to the hyaluronan degrading
enzyines, such as hyaloromdases, impart beneficial properties to the resulting
hyaluronan degrading enzyme-polymer compositiorn. Such properties includs
immproved biocompatibility, extension of protein (and enzyrnatic activity) half-life in
the blood, cells and/or in other tissues within a subject, effective shielding of the
protein from proteases and hydrolysis, impm\;&d biodistribution, enbanced

pharmacokinetics and/or pharmacodynamics, and increased water solubility.



10

- 86 -

Exemplary polymers that can be conyugatad to the hyaluronan degrading
enzyimne, such as the hyaluronidase, include natural and synthetic homopolymers, such
as polyols (i.e. poly-OH), polyamines (i.e. poly-MNH,) and polyearboxy! acids (e
poly-COOH), and further heteropolvmers Le. polymers comprising one of more
different coupling groups ¢.g. & hydroxyl group and amine groups, Examples of
suitable polymenic molecules nelude polyreric molecules selected from among
polyalkylene oxides (PAQ), such as polyalkylene glyeols (PAG), inchuding
polypropviene glyools (PHG) m@thoxwm]ysthy}m_e glveols (mPEG) and
polypropylens glyeols, PIZquyczﬁy‘l thers (Bpox-PEG), FEG-oxyearbonylimidazol
{CIH-PEG) branchs pm:yathy;en giycols (PEGs), polyvinyl aleohol (PVA),
potycarboxyiates, polyvinyipyrrohidons, poly-D L-amine acids, polvethylene-co-
maleic acid Bllh}’d“idﬁ polystyrene-co-maleic acid anhydride, dextrans mcluding
carboxymethyi-dextrans, heparin, homelogous albumin, celluloses, including

wethyloellulose, carboxyrmeathyleellulose, ethyleeliulose, hvdroxyethylcellulose
arboxvethyiceliulose and hydroxypropyiceilulose, ydrolysates of chitosan, starches

such as hydroxyethyl-starches and hydrozypropyl-starches, glycogen, agaroses and

deriv vatives thereof, guar gum, pullulan, inulin, xanthan gum, carrageenan, pectin,

g

5

alginic acid hydrotysates and bio-poly mers.

Typicaily, the polymers are polyalicylene oxades (PAG), such as polysthylene

4]

oxides, sach as PEG, typically mPEG, which, in companson io polysacchandes such
as dextran and pullulan, have few reactive groups capable of cross-tinking., Typically,
the polymers are non-toxic polymeric molecules such as (mjpolyethylene glveol
{mPEG) which can be covalently conjugaied to the hyaluronan degrading enzyme,
such as the hyaluronidase (e.p. to attachment groups on the protein’s surface) using a
relatively simple chemisiry,
Pegylation of ghﬂ‘rapeﬁa e has been reported to increase resistance o

proteolysis, increase plasma half-hife, and-decrsase antigenicity and immmunogenicify.
Examples of pegylation methodologles are known in the art (see {or exarnple, Lu and

E
Felix, int. J. Peptide Proiein Res., 43:127-138, 1994; Lu and Feliz, Pepride Res., ©

142-6, 1993 Felix ef ol Int. J. Pepride Res., 46 1 253-64, 1995; Benhar of 2/, J. Biol
Chem., 269 13308-404, 1904; Bromeanu ef al, J fmeumol, 154 3088-95, 1295, see
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also, Caliceti et al. (2003) Adv. Drug Deliv. Rev. 55101126177 and Molineux
(26033 Phn%macothempy 23 (8 Pr 2):35-85). Pegylation alsc can be used in the
deiivery of nucleie acid molecules i vivo. For example, pegylation of adenovirus can,
increase stability and gens transfer (see, e.g., Cheng et al. (2003 Pharm. Res. 2009):
1444-517%, .

Suitable polymeric molecules for attachment fo the hyaluronan degrading
enzymes, meluding hyeluronidases, include, but are not limited to, polyethylene
ghveol (PEG) and PEG derivatives such as methoxy-polyethylene giyeols (mPEG),
PEG-glycidy! ethers (Epox-PEG), ?EG-oxyc:mbanylimédzmo}e (CDI-PEG), brapched
PEGs, and paiyat‘ﬂy}ﬂne oxide (PEG} {(ses e.g. Roberts er af., Advanced Drug
Delivery Review 2002, 54: 459- 476 Harris and Zabipsky, S (eds.) "Poly(ethylens
glyeol), Chemistry and %io-logéczﬂ_ Applications” ACS Symposiom Series 680, 1857,

wiehver ef @l 3. Pharm. Pharmaceut. Sci., 3(110125-136, 2000; Harns, Mature
h

Doviews 2:215 et seq. (2003 end Tsabery, T Biol Chem 279(37):38118-24, 20043,

¢ tnoiscule can be of & molscular weighn typically ranging rom about 2
kD to about 60 kDa. In some embodiments the polymeric molecule that 1s
coniugated to a protetn, such as THuPH20, has & molecular weight of 5, 10, 15, 20,25,
30, 35, 40, 45, 50, 55, 60 or more than 60 kDe,
2. PRGvisted Seluble hyaluronan deprading enzymes
The hyaluronan degrading enzyme used in the methods, compositions and

combinations herein can be a PEGyiated hyaluronan degrading enzyme, such as a

oA

PEGylated soluble hyalwronan degrading enzyme. In one example, itis a PEGyiated
¥ :

soluble hyaluromidese, e.g. PEGylated rifnPH20. Various methods of modifying
D{}lypf’pades by covalently aftaching (conjugating} a PEG or PEG denvative ( i.e.
“PEGylation™) are known in the art (see e.g., U.5, 2000/0104968; U.B. 5,672,082
U8, 6,737,505, and UK. 2004/0235734). Techmaues for PEGylation nclude, but are
not Hmited to, specialized linkers and coupling chemistnes (see e.g., Harns, Adv,
Divng 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 el ¢/, Bloorg.
Mied, Chern. Lett, 12:177-180, 2002}, site-specific P}Ei(‘_}yiati{m and/or monc-

Gylation {see e.g., Chapman et al,, Nature Biotech. 17:780-783, 1999}, and site-
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directed enzymatic PEGylation (see e.g., Sato, Adv. Drug Deliv. R&L*«’.? 54:487-504,
2002}, Methods and technigues described in the art can produce proteins having 1, 2,
3,4,5,6,7,8,9, 10 or more than 10 PEG or PEG derivatives altached to a single
pratein molecule (see e.g., 1.8, 2006/0104568).

Nurmerous reagenis for PEGylation have been described in the art. Such
reagents include, bat are not himited to, N-hydrexysuccinmidyl (NHS) activated
PEG, sucoirmmidyl mPEG, mPEG-N-hyvdroxysuccinimide, mPEG sucoimimidyl
a‘{p}:a—maiﬁh‘yl’bu‘zan@ai@, mPEG succinimidyl propionate, mPEG sucoinimidyt
butanoate, mPEG carboxymethyl 3-hydroxybutaneic acid succinimidyl ester,
homobifunctional PEG-succimmidy! propionate, homobifunctional PEG
propionaldehyde, homobifunctional PEG butyraldenyde, PEG maleimide, PEG
hydrazide, p-nitrophenyl-carbonate PEG, mPEG- henzotriazole carbonate,
propionaldehyde PEG, mPEG butryaldehyde, branched mP xf-,Gg hutyraldehyde, mPEG

acetyl, mPEG piperidone, mPEG methylketone, mPEG “linkeriess” maleimide,

T Ly NTIEVLOC
TirL ii

disniide, Fmoe-PEG-NHS, Boe-PEG-NES, vinvisulfone PEG-NHE, acrylate PEG-
WHS, fluorescein PEG-FNHS, and biotin PEG-NHS (see e.g., Monfardini ef al.,
Bioconjugate Chern. 6:62-09, 1995; Veronese ef al., I, Bioactive Compatible
Polymers 12:197-207, 1997, U.B. 5,672,662 U.5. 5,932,462, U.E. 6,495,659, U5
6,737,505, 1.8, 4,002,531; U5, 4,179,337, U8, 5,122,614; 155 5,183,550, U.5.
5,324, 844; 1U.5. 5,446,090; U.S. 5,612,460, 1.8, 5,643,575, U.5. 8,766,581, U.S.
5,705, 569, U.S. 5,8(}8,{'}95; U8 59200461, US, 5.919,455, 1.5, 5,985,203, U.5.

lji

0,237 U.8. 6,113.906: U.S. 6.214.966; U.S, 6.258,351; U.S. 6,340,742; U.S.
6,413750?; U.5. 6,420,339; 1U.5. 6,437,025, U.8. 6,448,369; U.8. 6,461,802; U.8.
6,878 401 1.5, 6,858 736; U.8. 2001/0021763; 1.8, 2001/00445726; 1.5
2001/0046481; TU.5. 2002/0052430; U.S. 2002/0072572; U.8. 2002/0156047; U.5,
2003/0114647; U.S. 2003/0143596; 1.8, 2003/0152333; U.5. 2003/0220447; U S.
2004/0013637: US 2004/0235734; U8, 2005/000360; U.S. 2005/0114037; 1.5
2005/0171328; 1.8, 2005/0209416; EP 0106495 1; EP 0822100, WO 00176640, WO
0002017, WO 0249673, WO 9428024; and WO 0187925).

B. METHODES OF PRODUCING NUCLEIC ACIDS ENCODING A
HYALURONAN DE ’""ﬁ_ﬁg‘a‘} NG ENZY ME AND POLYPEPTIDES THEREOF
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Polypeptides of 2 hyaluronan degrading enzyme, such as a soluble
hya uronidase, set forth herein, can be obtained by methods well known in the art for

protein punﬁct.tmn and recombinant protein expression.  Any method known to

7

those of skifl in the art for identiBcation of nucleic acids that encode desired genes

can be used. Any meéthod available in the art can be used to obtain a full length (ie

v

encompassing the entire coding region) cDMNA or genomic DNA clone encoding a

“‘J
hyaturomidase, such as from a cell or Hssue source. Modified or variant soluble

hyalwonidases, can be engloeered from a wildtype polypeptide, such as by site-

directed mutagenesis

Polypeptides can be cloned or isolated using any available methods known in

the art for cloming &ﬁﬁ:.i-SQEEl&‘;ﬁ-g'_'T}?&(fiéﬂC«"-a'%’:iﬁ‘-m.{}:}fiﬂ’{i'}'ﬂ& Sugirmethodsioelude POR
amplification of nucleic acds and screening of Hibraries, including nucleic acid

hybridization screening, antibody-based screening and activity-bas 0 sereening.

Methods for amplification of nuclsic acids can be used to isolate nucleic acid

molecuies snee l‘”rf&‘it‘*valsua 1ol ypo ")Tldf‘ msiuding for

&

zamnpls, | ulymc?as chain

03
fi

g
reaction (PCR) methods, A mucleie acid containing material can be used as a starting
material fromn which a desired polypeptide-encoding nucleic acid molecule can be
isolated. For example, DNA and mRNA preparations, cell exiracts, tissue sxtracts,
Auid samples (e.g. blood, serum, saliva), samples from hea'}.t}tzy and/or diseased
subjects can be used in amplifcation methods. Nucleic acid Hbranies also can be used
as a sovrce of starting material. Primpers can be designed fo amphify a desired
pelypeptide, For example, primers can be designed based on expressed sequences
from which a desired polypeptide is generated. Primers can be designed based on
back-transiation of a polypeptide amino acid sequence. Mucleic acid molecules

generated by amplification can be sequenced and confirmed to encode a desired

i

1

polypeptide.

Additional nucleotide sequences can be 3 omnd to a polypentide-encoding
sucleie acid molecule, ,mﬂuam g linker sequences containing restriction endonucisase
sites for the purpose of cloning the synthetic gene into 2 vector, for example, a protein

expression vector or a vector designed for the arpplification of the core protein coding

DMNA sequences, Furthermore, additional nucleotide sequences specifving functional
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DDNA elements can be operatively linked fo a polypeptide-encoding nucleic acid
molecule. Exarnples of such sequences include, ‘mﬁ are not limited fo, promoter
sEUEnces deszgnﬁd to facilitate mtracellular protein expression, and secretion
sequences, for example heterologous signal sequences, designed to facilitate protein
secretion. Such seguences are known to thoss of szuil in the art. Additional

nuciectide residues sequences such as sequ s of bases specifying protein binding
regions also can be linked to enzyme-encoding nucieic acid molecuies. Such rogions
mchude, but are not Hmifed 1o, sequences of residues that facilitate or encode proteins
that facilitate uptake of an enzyme mto gpecific target cells, or otherwise alis
pharmacokinetics of a product of 2 synthetic gene. For example, enzymes can be
linked to PEG moisties

in addition, tags or other moleties can be added, for example, to aid in
detection or affinity purification of the polypeptide. For example, additional

4

nucleotide residues sequences such as secuences of bases specifying an epitope tag or

OUher aeteciabie marker

W
G‘

1150 ¢an

& hinked 10 sneyme-encoding nacleic acd

v

melecules. Exemplary of such sequences include nucleic acid sequences encoding

His tag (e.g., GxHig, HEHHHE, SEQ 1D NO:534) or Flag Teg (DYERDDDDE; SBG

The identified and 1solated nucleic acids can then be mserted into an
appropriate cloning vector. A large number of vector-host systems known in the art
can be used. Possible vectors include, but ave not Himited to, plasmids or modified
m ses, but the vector system must be compatible with the host cell used. Such
vectors mciude, but are not fimited to, bacteriophages such as lambda derivatives, or

plasmids such as pCMV4, pBR32Z or pU{i plasmid derivatives or the Bluescript

vector { Stratagene, La Jolla, CA). Gther expression vectors include the H7Z24
expression vector exemnplified herein, The mnsertion into a cloning vector can, for

exampie, be accomplished by ligating the DNA fragment into a cloning vector which
fraz complementary conesive terminl. Insertion can be effecied vsing TOPO cloning

vectors (INVITROGEM, Carlsbad, CA). If the complementary restriction sites used 1o

&

o

fragment the DINA are not present in the cloning vector, the ends of the DNA

molecules can be enzymatcally modified. Allernatively, any site desired can be
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produced by.ligatmg nuciectide sequences (linkers) onto the DMNA termini; these
ligated linkers can contain specific chemically synthesized oligonucleotides encoding
restriction endonuciease recognifion sequences. In an alternative method, the cleaved
vector and profeln gene can be modified by homopolymerie tailing., Recombinant
molecules can be introduced inte host celis via, for examnple, fransformation,
transfection, infection, electroporation and senop@ration, s0 that many copies of the
gene sequence are generated.

In specific embodiments, iransformation of host cells with recombinant DNA
molecules that incorporate the isolated protein gene, cDNA, or synthasiied DINA

saguence enables generation of multiple copies of the gene. Thus, the gene can be

~ obtained in large guantities by growing transformants, isolating the recombinant DNA.

molecules from the transformants and, when necessary, retrizving the inserted gene
from fhe isolated recombinant DNAL
1. Vectors and cells

Forrscombinant SXprassion ol onc or more of ihe des

yed pr ?stm\ SUCH BY any
described herein, the nucieic acid containing ail or & portion of the nuclectide
Se:@zjlemf encoding the protein can be inserted into an appropriale expression vector,

, & vector that contains the necessary elements for the transcription and fransiation
of the inserted protein coding sequence. The necessary transcriptional and
transiational signals also can be supplisd by the native promoter for enxyme 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 celis include eukaryotic and
pi‘@k&?}ﬁ'}tic cells, and the vectors are any suitable for use therein.

Prokaryoiic and eukaryotic cells, including endothelial cells, containing the

vestors are provided.  Such cells include bacterial cells, yveast cells, fangal cellg,

Arches, plant cells, insect cells and animal celis. The cells are used to produce a
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

purpeses berein, for sxample, the enzyme can be secreted into the medium,
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Provided are vectors that contain a sequence of nucleotides that encodes the
hyaluronan dsgrading enzyme polypeptide, in some examples a soluble hyvaluronidese
polypeptide, coupled to the native or heterologous signal sequence, as well as multiple
copies thereot, 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 mammatian cell systems infected with

Fing

virus {e.g. vacocinia virus, adenovirus and other viruses); inssct cell systems infected
with virus (e.g. bacalovirus); microorganisms such as veast containing yeast vectors,

or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid DMA.

- The expression elements of vectors vary in their strengths and specificities.

Depending on the host-vector gystem 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.
Tagroents 1o a vector can be used {0 cOnsITuct SXpression VeCors conlaining a
chimeric gene containing appropriate transenptional/ranslationsl control signals and
protein coding sequences. These methods can inciude in vitro recombinant IDNA amd
synthetic t‘acimiqnfzs and Ir vive recombinants (genetic recombination). Expression of
nucleic acid sequences encoding protein, or domains, dertvatives, fragments or
homologs thereof, can be regulated by a second nucleic acid seguence so that the
genes or fragments thereof are expressed o 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 arf. In a specific embodiment, the promoter 15 nof
nafive to the genes for a desired protein, Promoeters which can be used include buf are
not limited to the 3V 44 early promoter (Bernoist and Chambon, Natwre 220:.304-310
{1981}), the promoter contamed i the 37 long terminal repeat of Rows sarcoma virns
{Yamamoto ef al. Cell 22:787-797 {1980)), the herpes thymidine kinase promoter
(Wagner et al., Proc. Natl. Acad. Sci. USA 78:1441-1445 (1981, the regnlatory
sequences of the metallothionein gene (Brinster et al., Narure 296:35-42 (1982));
prokaryotic expression vectors such as the B-lactamase promoter (Jay et al, {1981}

Proc. Natl, Acad. Sci. USA 78:5543) or the {ac promoter (Deloser er al, Proc. Nail.
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Acad. Sci. US4 80:21-25 (1983)}; see also “Useful Proteins from Recombinant
Bacteria™: in Scientific American 742:79-94 (1980)); plant expression vectors
containing the nopahine synthetase promoter (Herrara-Estrella et ol , Nopere 303:209-
213 {1984}} or the caulifiower mosaic virus 358 RNA promoter (Garder et al.,

Nueleic Acids Res, 9:2871 (1981)), and the promoter of the photosynthetic enzyme

L]

 ribulose b ph()&phd'ﬂi carboxylase (Herera-Hsirella et al., Natuwre 310:115-120

A

84y promoter elements from yeast and other fungi such as the Gald promoter, the

Wik

\,:)

aloohol dehydrogenase promoter, the phosphoglycero!l kinase promeoter, the alkaline
phosphatase promoter, and the following animal transcriptional control regions that
exhibit tissue specificily and have bé:E:I! used in transgenic animals: elastage 1 gene
control vegion which is active in pancreatic acinar cells (Swilt ef al, Cell 38:635-646
{1984y, Omitz er al., Cold Spring Harbor Svimp. Quant. Biol. 50:399-409 (1986);

MuacDonald, Hepatology 7:425-515 (1987)); insulin gene control region which i

wr

active in pancreatic beta cells (Hanahan et al,, Nature 315 115-122 (1285,
arnunoglobulin gene contiol region wnich 1s.acuve in lvinphoid celis (Grosscheds
al, Cell 38:647-658 (1984); Adams ef af., Nature 3718:533-338 (1985Y; Alexander ¢
al., Mol. Cell Biol 7:1436-1444 {1987}, mouse marnmary fumor virus control region
which is active in testicular, breast, Ivinphoid and mast cells (Leder of ol | Cell
45:485-405 (1986)), albumin gene contro! region which 1s astive in liver (Pinckert
al., Genes and Devel, [268-276 {1987}, &ipnawfat@p oteln gene control region which
is active in lver (Krumlauf er al. Mo:’ Cell. Biol. 5:1639-1648 {1985), Hammer et
al., Science 233:53- 38 19873}, alpha-1 dntiti“\fp“‘irl gene control repion which s active
in Hver (Relsey ef al., Genes and Devel. 11161-171 {19873}, beta g}obin gene control
region which is active in myeloid cells (Magram e7 al., Nanoe :338-340 {1985);

ollias er al, Cell 46:89-94 (1086)), mvelin basic protein gene control region which

s active i oligodendrocyie cells of the brain (Readhead ¢ al, Cell 48:703-712
{1987Yy, mvesin light chain-2 gene control region which 1s active in skeletal muscle
{Shani, Noture 374.283-286 (1985)), and gonadotrophic releasing hormone ge

control region which is active in gonadotrophs of the hypothatamus (Mason er al.,

Science 734:1372-1378 (1986)),
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In a specihc embodiment, a vector is used that contains a promoter operably
linked to nucleic acids encoding a desired protein, or a domain, fragment, derivative
or hemolog, thereof, one or more eriging of replication, and optionally, one or more
selectable markers (e.g., an antibictic resistance gene). Exemplary plasmid vectors
for transformetion of E. coli cells, include, for example, the p(E expression v.ec:tors
{available from (hagen, Valencia, CA; see also Titerature published by Qlagen
describing the system). pQE vectors have a phage T5 promoter (recognized by B cofi
RNA polymerase) and a double Jac operator repression medule to provide tightly
regulated, high-level expression of recomnbinant proteins in £. coli, a synthetic
ribosomal binding site (RBE II) for efficient runslation, a 6XHis tag coding sequence,
fp and T 'traﬁ‘scﬁptional terminators, ColEl origin of replication, and a beta-
Jactarpase gene for confernog ampicillin resistance. The pQE vectors enable
placement of 2 6xHis tag at either the N- or C-terminus of the recombinant protein.
such plasmids include pQE 32, pOQE 30, and pQE 31 which provide multiple cloning
s1t2s 107 all three reading Tames and provids for the expression of M-terminally
SxHis-tagred proteing, - Uther exemplary plasmid vectors Tor transformation of © coli
celis, include, for example, the pET expression vectors (see, U.S. patent 4,952,496,
avaﬁzﬂﬂ@ from NOVAGEN, Madison, W1 see, also literature published bv Novagen
describing the system). Such plasmids include pET 1la, which contains the T71ac

7 favrevivin b e ey sinde & 5 Ve S vyt T -
I7 terminator, the inducible 2. coli lac operator, and the lac repressor gene;

promotern,
pET 12a-c, which contains the T7 promoter, T7 terminator, and the E. coli ompT
secretion signal; and pET 15b and pET19% (NOVAGEN, Madison, W1, which
contain a His-Tag ™ Eaadér sequence for use in purification with 2 His colmmn and a
thrombin cleavage site that pennits cleavage following purification over the columu,

the T7-lac promoter region and the T7 ferminator.

Exemplary of a veclor for mamumalian cell expression is the HZ24 expression
vector, The HZ24 expression vector was derived from the pCl vector backbone
(Promega}. It contains DNA encoding the Beta-lactamase resistance gene (AmpR),

an F1 origin of replication, & Cyiomegalovirus immediate-early enhancer/prormoter

region (CMYVY), and an SVA40 late polyadenylation signal (SV40). The expression
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vector alse has an internal fbosome entry site (IRES) from the ECMV virus
(Clontech) and the mouse dihydrofolate reductase (DHFR) gene.

Z. Expression

Hyaturonan degrading enzyme pcﬁypﬁptiﬁes, including soluble hyaluronidase
notypeptides, can be produced by any method known to those of skill in the art
including in vive and in virro methods, Desired proteins can be expressed inany
organism suitable to produce the required amounts and formns of the proteins, such as
for example, needed for administration and weatment. Expression hosts melude
prokaryotic and eukaryotic organisms such as E.coli, veast, plants, insect cells,
marnmalian cells, including himan cell lines and transgenic animals. Bxpréssion
hosts can differ in their protein production Jevels as well as the types of post-
ransiational modifications that are present on the expressed proteim. The choics of
expression host can be made based on these and other factors, such as regulatory and

safety cons ﬁaraﬁons, proguction costs and the need and methods fica‘ti_on,

s expression vectors are availapie and known o inese of skill in the ant
ared can be used for expression of proteins. The choice of expression vector will be
infinenced by the choice of host expression system. [n general, exprassion vectors can
include franscriptional promoters and ontionally enhancers, translational signals, an
sranseriptional and transiational termination signals. Expression vectors that are used
for stable transformation typically have a sciectable marker which allows selection
and mzintenance of the fransformed cells. In some cases, an origin of replication can
be used to amplify the copy number of the vector.

Hyaluronan degrading enzyine polypeptides, such as soluble hyaluromdase
polypeptides, also can be utilized or expressed as protein fusions. For example, an
PRZYIRE msmn an be generated 1o add additional functionality to an enzyme.
Examples of enzyme fusion proteins incinde, but are not Hinited 1o, fusiorzé of a signal
sequence, a tag such as for localization, e.g. a bisg tag or a myc tag, or a tag for
purification, for example, a GST fusion, and a sequence for directing protein secretion

and/or membrans association.
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Prokaryotes, especially . coli, provide a system for producing large amounts
of proteins. Transformation of £, coli 1s simple and rapid technique well known 1o
those of skill in the zrt. Expression vectors for £. coli can contain inducible
promoters, such promoters are useful for inducing high levels of protein e}c:pressien
and for expressing proteins that exhibit some toxicity to the host celis. Ex mm!e s of
inducible promoters include the lac promoter, the trp promoter, the hybrid tac
promoter, the T7 and SPG RMA promoters and the témperature regulated LPL
prometern

Proteing, such as any provided herein, can be expressed in the cytoplasmic
crvironment of k. w}v The cytoplaam s ireducmg errvironmnent and fc_u' s0mse
molzcules, this can result in the formation of inscluble inclusion bodies, Redvcing
agents such as dithiothreitol and B-mercaptoethanol ahd denaturants, such as
guanidine-HCI and urea can be used 1o resolubilize the proteins. An alternative
approach is the expression of proteins in the periplasmuc space of bacteria which

Pre VIAes an Ox ul?n;,} EVITOTITE et and LA;JﬂJJ\u'\}lliLl fike ang disud ll(y ISOIIFSTASCS and

" can lsad fo the production of soluble protein. Typically, a leader sequence 13 fused fo

the protein o be expressed which divecis the protein to the periplasm. The leader is
then removed by signal peptidases tnside the periplasm. ,;»Aamp es of periplasmic-
targeiing leader sequences include the pelB lsader fom the pactate lyase gene and the
leader derived from the alkaline phosphatase gene. In some cases, periplasmic
expression allows leakage of the expressed protein into the culture mediom. The

secretion of proteins allows guick and simple purification from the colture
supernatani, Proteins that are not secreted can be obtained rom the periplasm by
gemotic Tysis, Sirmilar to cytoplasmic sxpTession, in SOme Cases pmi *ing cen become
inseluble and denamrants and reducing agents can be nsed to facilitate solubilization
and refolding. Temperature of induction and growth also can influence expression
levels and solubility, typically tem perstures between 25°C and 37°C are used.

Typically, bacteria produce aglycosylated proteins. Thus, if pr omins require

yoosylation for function, glycos sylation can be added in vifre after purification from

‘b. YWonst Cells
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Yeasts such as Saecharomyces cerevisae, Schizosaccharomyces pombe,
Yarrowia lipolytica, Khuyveromyces lactis and Pichia pastoris are well known yeast
expression hosts that can be used for production of proteins, such as any described
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 promofers inciude
GALL GAL7T and GALS and metallothionein promoters, such as CUPL, ACKY or
olher FPichio or other yeast promoter. Expression veciors often inchude a selectable
marker sach as LEUZ, TRP1, HIS3 and URAJ for selection and maintenance of the
transforrmed DMA. Proteins expressed in yeast are often soluble. Co-sxpression with
chaperoning-such as Bip and protein disulfide isomerase can improve uxpras\;mn
levels and solubility. Additionally, proteins expressed in yeast can be directed for
secrefion using secretion signal peptide Tusions such as the yeast mating type alpha-

fac’sa,r secretion signal from Saccharomyces cerevisae and fusions with yeast cell

surface proteins such as the Agalp mating adhesion receptor or the drxuio
adeninivorans gheeoamylase. A protease cleavage site such as for the Kex-2 protease,

Can ”be engineersd to rernove the fused sequences from the expressed polypeptides as

s

4

beosviation af A sn»?&-

A

they exit the secretion pathway. Yeast also is capable of g
Ser/Thr motifs.
. Iresect Cells

Insect cells, particularly vsing baculovirus mprwsaon, are useful for
expressing polypeptides such as hyaluronidase polypeptides. Insect cells express high
levels of protein and are capable of most of the post-transiational modifications used
by higher eukaryotes. Baculovirus bhave a resirictive host range which improves the
safety and reduces regulatory concerns of eukaryotic expression, Typical expression
vectors use a promoter for high level sxpression such as the polybhednn promoter of
baculoviruzs. Commonty used baculovirus sysiems include the baculoviruses such as
Avtograpka californica nuclear polybedrosis virus (AcNPV), and the Bombyx mori
muctear polyvhedrosis virus (BmNPY) and an insect cel! line such as 519 denved from
Spodoptera frugiperda, Pseudaletia unipuncto (A73) and Danaus plexippus (DpNL ).

For high-tevel exprassion, the nuclestide sequence of the molecule to be expressed is

PRk
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fused immediately downstream of the polvhedrin initiation codon of the virus.
Marmmelian secretion signals are accurately processed in insect cells and can be used
to seorete the exﬁresss‘:d protein into the culture medium. In addition, the cell lines
Prevdaletio unipuncta {A75) and Danous plexippus (DpN1y produce proteing with
glycosvlation patierns similar to mammalian cell systems.

An altemative expression system in insect cells ig the use of stably
fransformed cells, Cell lines such as the Schneider 2 (82) and Ko cells (Drasophila
melanogaster) and C7 cells {Aedes 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 cadmnim or copper, Expression vectors
are typically naintained by the use of setectable markers such as npeomyein and
hygromycin.

&, Mammalian Cells

Marmmalian expression gystems can be used (o express proteing including

4

CTAGING CRIYINEG DOIVRERALEs, SUch &5 30ithie hyalurormaass

=)

tion such as adenovirus or by direct DNA transfer such os liposomes, calcium
phosphate, DEAE-dextran and by physical means such as eleciroporation and
micromjection. Expression vectors for mammalian cells typically include an mRNA
cap site, 2 TATA box, a transiaiional intfiation seqguence {Kozak conssnsus sequsncs)
and polvadenylation elements. IRES elements also can be added to permit bicistronic
expression with another gene, such as 2 selectable marker. Such vectors often include
transcriptional promoter-enhancers for high-level expression, for example the V40
promoter-enhancer, the human cytomegalovirus (CMV) promoter and the long
terminal repeat of Rous sarcoma virus (R5V). These promoter-enhancers are active
in many cell types. Tissue and cell-type prometers and enhancer regions also can be
used for expression. Exemplary promoter/enhancer regions include, but are not
limited to, those from genes such as elastase I, insulin, immuncglobulin, mouse
TRAMINArY toIor Virus, albumin, alpha fetoprotein, alpha I antitrypsin, beta globin,
myelin basic protein, myosin Hght chain 2, and gonadotropic relesasing hormone gens

control. Selectable markers can be used to select for and maintain cells with the
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expression construct. Bxamples of selectable marker genes include, but are not
lirnited to, hygromyecin B phosphotransferase, adenosine deaminase, ,\antn*mwguamn?
phosphoribosyl transferase, aminoglycoside phosphotransferase, dihydrofolate
reductzse (DHFR) and thymidina*: kinase. For exarnple, expression can be performed

the presence of methotrexate to select for only those cells expressing the DHEFR
gene. Fusion with cell surface signaling molecoles such as TCR-{ and FCERI"’Y can
direct expression of the profeins 1n an active state on the cell surfa

Many cell ines are available for marnmalian expression inchuding monse, rat

buman, monkey, chicken and hamster cells. Exemplary cell lines mcludc but are not
rnited to CHO, Balb/37T3, HeLa, MTZ, mouse NS0 (nonsecreting) and other
mryeloma cell lines, hybridoma and heterohybridoma cell linss, lymphocytes,
fibroblasts, Sp2/0, COS, NIH3 TS, HEK293, 2035, 2B8, and HKE cells. Cell lines
also are available adapted to serym-free medial which facilitates purification of

T
p -

ns from the cell culture media. Examples include CHO-S cells

P T LTS LR Rk
BE0, AT ml;cn* CA, nare 1101501 &} and ihe seram I

{(Pham et ol., (2003 Biotechnol. Bioeng, §4:332~42.)

that are adapted to grow in special medivmms optimdzed for maximal expression. For
example, DG4 CHO eells areradapted 1o grow in suspension culture in a chemically
defined, ammal ﬁroducbﬁ%e meedium. |
e, Plants

Transgenio plant cells and plants can be used to express proteins such as any
described herein, Expression construects are typically transferred to planfs using direct
DMA transfer such as microprojectile bombardment and PEG-mediated transfer into
profoplasts, and with agrobacterivme-mediated transformation. Expression vectors can
include promoter and enhancer sequences, transcriptional termination elements and
translational control elements, Hxpression vectors and transformation i:ec:bnﬁques ars
usually divided between dicot hosts, such as Arabidopsis and tobacce, and monocot
hosts, such a8 com and rnice. Examples ofpl.ami promoters used for expression inchude
the cauliflower mosaic viras promoter, the nopaline synthetase promoter, the ribose
bisphosphate carboxylase promoter and the ubiquétﬁn and UBQ3 promoters,

Selectable markers such as hyveromyein, phosphomannose 1somerase snd neomycin
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nhosphotransferass are ofien used to facilitate selection and maintenance of
transformed celle, Transformed plant cells can be maintained in culfure ag cellg,
aggregates (callus fissue) or regenerated into whole plants. Transgenic plant cells also
can include algae enginesred to produce hyaluronidase polypeptides. Because plants
have different glycosylation patterns fhan mammalian cells, this can influence the
choiee of protein produced in these hosts.

3. Purification Techniguoes

Method for purification of polypeptides, including hyaluronan degrading
enzyme polypeptides (e.g. soluble hyaluronidase polypeptides) or other proteins, from
host cells will depend on the chosen host cells and expression systerns. For secreted
molecules, proteins ars generally punibied from the eulture media after removing the
cells. For intraceliular expression, calls can be lysed and the proteins purified from
the extract. When transgenic organisms such as fransgenic plants and animals are

usad for exprassion, [Issuss o Oroans can be used as starting matenal to make & lysed
I 0 fon sl

5y

emc anirnal production can incluce the production of

¥

polypeptides in mitk or eggs, which can be collected, and if necessary, the proteins
can be extracred and forther purified using standard methods in the art,

Proteing, zuch as soluble hiyalurenidase polypeptides, can be purified using
standard protemn purification technigues known in the art including but not limited to,
STIS-PAGE, size fraction and size exclusion chromatography, ammonium sulfate
precipitation and ionic exchange chrematography, such as anion exchange. Affinity
purification techrigues also can be ulilized to mmprove the efficiency and purity of the
preparations. For example, antibodies, recepiors and other molecules that bind
hyaluronidase enzymes can be used in affinity purification. Expression consiructs
aleo can be engineered to add an affinity tag to a protein such as a myc epifope, G537
fusion or Hise and affinity purified with myc antibody, glntathione resin and Ni-resin,
respectively. Purity can be assessed by any method known i the art including ge!
gipctrophoresis and staming and Spectrophommeiﬁc techmigques. Punfied rHuPF20
compositions, as provided herein, typicaily has a specific activity of about 120,000
Unitsfmg, as determined in Example 2.

4. PEGyiation of Hyaluronan Degrading Enzyme Folypeptides
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Polyethylene glveol (PEG) bas beon widely used in biomaterials,
biotechnology and medicing primarily because PEG is a brocommpatible, nontoxic,
nonimmunogenic and water-soluble polymer (ﬁxao and Harris, ACS Symposium.
Series 680: 458-72, 1997). In the area of dm\" duhvu'y, PEG denvatives have beer
widely used in covalent attachment (. e., "PEGylation™) to proteins to reduc
imrnunogenicity, proteolvsis and kidney clearance and to enhance solubility
(Zalipsky, Adv, Drug Del. Rev. 16:157-82, 1995). Sinilarly, PEG has been attached
to low molecalar weight, relatively hydrophobic drogs fo enhance solubility, reduce
toxicity and alter biodistribution. Typically, PEGyiated drugs are injected as
selutions, |

A closely related application is synthesi s of crosslinked dog gradable PEG
networks or formulations for use in drug delivery since much of the same chemistry
used in design of degradable, soluble drug carriers can also beused in design of |

1

degradable gels (Sawhney et al., Macromoleonles 267 381-87, 1993}, 1t alse 15 known

THET IMISTRECTOnCLEDIED COmMpISRes Sam CTORIINEO DY MIXILE A01G0TS \_L. (Arae]

complementary polymers. Such complenes are generally stabilized by electrostatic
interactions (polvanion-polycation) and/or hydrogen bonds (polyacid-polybase)

hetween the polymers involved, and/or by hiydrophobic interactions between the

polyrasrs in an agueous suTounding (Kmpﬁ“‘s et al., Bur., Polym 1. 32:

For example, mixing solut viic acid (PAAC) and poly

(PEO) under the proper conditions results in the Tormation of complexes based mostly
on hydrogen bonding. Dissociation of these cornplexes at physiologic conditions has
been used for delivery of free drugs (Le., non-PEGylated). In addition, complexes of
complementary polymers have been formed from both homopolymers and
copolyrmers.

MNumerous reagents for PEGylation have been desceribed in the art. Such
reagents mchude, but are not limited to, M-hydroxysacamemidyl (INHE) activated
PEG, succinimidy! mPEG, mPEG-N-hvdroxysuceinimide, mPEC suecinimidy!
alpha-methylbutaneate, mPEC succinimidyl propionate, mPEG succinimidyl
butanoate, mPEG carboxymethy! Z-hivdroxybutanoic acid succinimidyl ester,

YT

homobifunctions] PEG-succinumidyl propionate, homobifunctional PEG
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propionaldehyde, romobifunctional PEG butyraldehyde, PEG maleimide, PEG
hydrazide, p-nitrophenyl-carbonate PEG, mPHG-benzomriazole carbonate,
propionaldehyde PEG, mPEG butryvaldehvde, branched mPEG, butyraldehyde, mPEG
acetvl, mPEG miperidone, mPEG methviketone, mPEG “linkerless” maleimide,
mPEG vinyl sulfone, mPEG thicl, mPEG orthopyridyithicester, mPEG orthopyridyl
disulfide, Fmoo-PEG-NHS, Boc-PEG-NHSE, \finﬁf'isu] fone PEG-NHE, acrylaie PEG-
NHE, fluorescein PEG-NHS, and biotin PEG-NHS (see e.g., Monfardin ¢f al.,
Biccorjugate Chem. 6:62-69, 1995, Veroness ef af., J. Bloactive Compatible

Polvmers 12:197-207, 1997, 11.8. 5,672,662; 1J.3, 5,932 462: 1,5, 6,495,65%; 1.8,

? 3 3
6,737,505, U.S. 4,002,531 1.8, 4,179,337, U.8. 5,122,614; U.S. 5,183,550; 1.8

T4

5,324, 844, ULE. 5,440,090, U5, 5,612,460; U.5.

/ ;
5,793, 560; 1.5, 5,808,096; 11.5. 5,900,461, U.S. 5,919,455, U5, 5,985,263 1.8,
H * . 7 * A 4t H

L
ot
ELN
oS

5,000, 237; 0.8, 6,113,906; U.8. 6,214,966, U.5. 6,258,351; U.S. 6,340,742; 1.8,
6,413,507, 1.5, 6,420,339: 1.8, 6,437,025, U.5. 6,448,360 U.S. 6,461,802 U §
8; U.S. 20010021763, U8, 2001/0044526: U5,
2001/0046481; U.E. 2002/0052430; 1.8, 2002/0072573; 1.8, 2002/0156047; U.S

3

2003/01 14647, 103, 2003/0143594; 1.3, 2003/0158333, U.S, 2003/0220447, 1.8
200470013637, US 2004/0235734, 1.5, 2G05/000360; ULE. 2005/01 14037, 1.5,
2005/0171328, U5, 2005/0200416; EP 01064951, EP 08221690, WO 00176640; WO

0002017, WO 0249673, WO 94Z8024; and WO 0187925),

I onie ﬁx.amp}e, the polyathyvlene ghyeol has & molecular weight ranging from
a’mbu*—; 3 kD o about 50 kI3, and preferably from about 5 kD to about 30 kD, Covalent
attachment of the PEG to the dmug (known as "PEGylation™) may be accomplished by
cnown chemical synthests tfechmgues. For example, the PEGylation of protein may be
accomplished by reacting MHS-activated PBG with the protein under suitable reaction
conditions.

While numerous reactions have been desceribed for PEGviation, those that are
most generally applicable confer diractionality, utilize m;i d reaction conditions, and
do not necessilaie exiensive downsiream processing to remove foxic catalvsts or b
products, For instance, monomethoxy PEG {mPEG) has only one resctive terminal

hydroxnyl, and thus iiz use Hmitg some of the heterogeneity of the resulting PEG-
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protein product mixiure, Activation of the hydroxyl group at the end of the polymer
opposite to the terminal methoxy group is generally necessary to accomplish efficient
protein PEGylation, with the aim being to maeke the derivatised PEG more susceptible
to nucleophilic attack. The attacking nucleophile is usually the epsilon-amine group
of a lysvl residue, but other amines also can react (¢.z. the N-terminal alpha-amine or
the zmg amines of histidine) if' local conditions are favorable. A more directed
attachment is possible i proteing c@n*azmnw a singie lysine or cysteine. The latter
residue can be targeted by PEG-maleimide for thiol-specific modification,
Altemnatively, PEG hydrazide can be reacted with a periodaie oxidized hyaluronan
degrading enzyme and rediuced in the presence of NaCNBH;. More specifically,
PEGyiated CMP sagars can be reacted with a hyaluronan degrading enzyme in the
wresence of appropriate glycosyl-transferases. One technigue is the “PEGylation”

technique where a number of polymeric molecules are coupled t© the polypeptide in

guesticn. When veing this technigue the immune system has diffioulties in

L

PECOPmMZING the SOOpes On e

tion of
antibodies, thereby raducing the immune response. For polypeptides introdiesd

1 .
directly into the circulatory system of the human body to give a particular
physiotogical effect (1.e. pharmaceuticals) the typical potential immune response is an
1eG andfor 1eM responss, while polypeptides which are inhaled through the
& |

respiratory system (1.e. indusirial polypeptide) potentially may cause an g response

#r

(i.e. aliergic response). One of the theories explaining the reduced tmimune response 18
that the polymeric molecule(s) shield(s) epitope(s) on the surface of the polypentide
responsible for the immmune response leading © antibody formation. Anoth&r theory or
at least a pattial factor is that the heavier the conjugate is, the more reduced imrune
response is obtained.

Tvadliy, to raake the PEGyIated byaluronan degrading enzymes provided
herein, including the PEGylated hvaluronidases, PEG moisties are conjugated, via
covatent attachrment, to the polypeptides. ’E"ef;hﬁiques for PEGylation include, but are
not limited to, specialized linkers and coupling chernistries (see e.p., Harris, Adv,
Drog Deliv. Rev, 54:459-476, 2002), attachment of multiple PEG moisgties to a single

cnjugation site (such as via use of branched PEGs; see ez, Verovese ef al., Bivorg

U?:
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Med, Chem. Lett. 12:177-180, 2002}, site-specific PEGylation and/or mono-
PEGylation (see e.g., Chapman et al., Nature Blotech. 17:780-783, 1999}, and site-
directed enzymatic PEGylation {see eg., 3ato, Adv. Drug Deliv. Rev., 54:487-504,
2002); Methods and techniques described in the art can produce proteins having 1, 2
3,4,5,6,7, 8,9, 10 or more than 10 PEG or PEG derivatives attached 1o a single
orotein molecule (see e.g., U.S. 2006/0104968), _

As an exemplary itustration of the pegyiation of an iﬂustrative method for

making PEGylated hyalvronan degrading enzymes, such as PEGylated

nvaluronidases, PEG aldehydes, succinimides and carbonates have each been applied

o conjugate PEG moteties, typically suceimmidyl PEGs, to tHuPH20. For example,
rHuPH20 has been conjugated with exermnplary suceinimidyl monoPEG (mPEG)
reagents including mPEG-Succinimidy! Propionates (mPEG-8PA), mPEG-

-

Succinimidy! Butanoates (mPEG-5BA), and (for attaching "branched” PEGs)

mPEG2-M-Hydroxylsuccinimide. These pegylated succinimidyl esters contain

S SN S - 3 ‘{ s — -~ P O S T ey .
drierent Jwilf’u‘l carbon backbones between the 22l group and the acirvaled oross-

qfl.

linker, and either a single or branched PEG groun, These differences can be used, for
example, to provide for different reaction Winetics and to potentially restrict sites
available for PEG attachment to rHuPH20 during the conjugation process.

Succmimﬁdyl PEGs (s above) comprising either linear or branched PEGs can
be conjugated to rHuPH20. PEGs can used to generate rHuPH20s reproducbly
comprising & combinaiion of molecules having between about three t¢ six PEG
molecsles per hyaluromdase. Such pegylated tHuPH20 compositions can be readily
purifiad to yvield compositions having specific activities of epproximately 23,000 or
30,000 Unit/mg protemn hvaluronidase activity, and being substantially free of non-
PEGyiated vHuPH20 (lgss than 5% non-PEGvlated).

bmw various PEG reagents, exemplary versions of hyaluronan degrading
ENZYINES, in pdmm}s;r soluble human recombinant hyaluronidases {e.g. rHuPH20),
can be prepared, for example, using mPEG-8BA (30kD), mPEG-SMB (30 kDY, and
branched versions based on mPEGZ-NHS (40 kD), mPEGZ-MNHS (60 kI, PEGylated
versions of rHuPH20 have been generated using NHS chemistries, as well ag

carbonates, and aldehydes, using each of the following resgents: mPECZ-NHE-40K
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branched, mPEG-NHS-10K branched, mPEG-NHE-20K branched, mPEG-NHS-40K
branched, mPEGZ-NHS-60K branched; mPEG-SBA-5K; mPEG-5BA-20K, mPRG-
SBA-30K, mPEG-3MB-20K; mPEG-SMB-30K; mPEG-butyrldehyde-, mPEG-5FPA-

20K; mPEG-8PA-30K; and PEG-NHS-5K-biotin. PEGyiated hyaluronidases have

1A

iiso been prepared using PEG reagents available from Dowpharma, a division of Dow
Chemical Corporation; including hiveluronidases PEGylated with Dowpharma's p-
sitrophenyl-carbonate PEG (30 kDa) and with propionaldehvde PEG (30 kDa).

In one example, the PEGylation includes conjugation of mPEG-3BA, for
exarnpie, mPEG-3BA-30K (having a molecular weight of about 30 Kda) or another
10 succimimidyl esters of PEG butancic acid derivative, to a soluble hyaluronidase.

Ind

Snceinirnidyl esters of PEG butanoic acid derivatives, such as mPEG-SBA-30K
readily couple to amino groups of proteins. For example, covalent conjugation of m-
PEG-SEA-I0K and rHuPH20 (which 1s approximately 60 Kia in size) provides

stable amide bonds between rHUPH20 and mPEG, ag shown in Scheme 1, below.

] Scheme 13
3
\
[ \ | H / 7
' n N __J
e ;
mPEG-SBA 4 |
O |
0
/ A\ _ ﬂ H o
HgCQ—\“CHECHZO"}"’CHQCHQCHZG”—"RMW rifnPH2e

n
PEGylated tHoPH20

Typically, the mPEG-5BA-30K or other PEG 15 added to the hyaluronan
degrading enzyme, il s0me insiances a pyaluronidase, at a PEGipolypeptide molar

20 ratio of 1001 in a suitable buffer, e.g. 130 M NaCl /10 mM HEPES =t pif 6.8,

inllowed by sterilization, e.g. sterile filtration, and continued conjugation, for
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example, with stirring, overnight 2t 4°C i & cold room. In one example, the
conjugated PEG- hyaluronan degrading enzyme is concentrated and buffer-
exchanged.

Other methods of coupling suecinimidyl esters of PEG butanoic acid
derivatives, such as mPEG-SBA-30K are known in the art (see e.g., U.E. 5,672,662,
1.8, 8,737,505, and 11.8. 2004/0235734). For example, a polypeptide, such as a
hyaluronen degrading enzyie (e.g. 2 hyaluronidase), can be coupled to an WHS
activated PEG derivative by seaction n 2 borate buffer (0.1 M, pH 8.0) for one hour at
4°C. The resulting PEGylated prot ein can be purified by uitratiltration.
Alternptively, PEGylation of 2 bovine alkaline phosphatase can be accomplished by
mixing the phosphatase with mPEG-SBA ina buffer containing 0.2 M sodiun
phosphate and 0.5 M NaCl (pH 7.5) at 4°C for 30 minutes. Unreacted PEG can be

=
£

removed by ultrafiltration. Another method reacts polypeptide with mPEG-5BA 1n

detonized water to which tiethylarnine is added to raise the pH to 7.2-9. The

resulting musture 18 stirred at room temperature {07 several bours 10 SOTnpIeis ne
PEGylation,

o

F.  PREPARATION, FORMULATION AND ADMINISTRATION OF
CONPOSTTIONS

AR BRI

Phamoacentical compositions of modified hyaluronan degrading enzyme, such
as modified soluble hyaluronidases, conjugated to 2 polymer are provided herein.
Also provided are pharmaceutical compositions containing a second agent that is used
to treat a disease or disorder associated with a hyaluronan-associated disease or
condition. Exemplary of such agents include, but are not limited to, anti-cancer
agents including drugs, polype pmﬂeu, nucleic acids, antibodies, peptides, small
molecules, gene therapy vector, viruses and other therapeutics. Modified hyaluronan
degrading enzymes, including modified soluble hyasluronidases, can be co-formulated
or co-administered with pharmaceutical formulations of such second agents fo
erhance their delivery to desired sites or tissues within the body assoctated with
excess or aceurnulated byaluronan., For exampie, furnors are associated with
accurmulated byaluronan. Such excess hyaluronan can contribute to impeding
hydrautic conductivity. The introduction of hyaluronan degrading enzymes such as

soluble hvaturonidases, in particular soluble hyaturonidases conjugated to 2 polymer
i poly
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to increase half-life, can counteract the accumulation of hyaluronan in such tissues,
therchy improving hydraulic conductivity withim the site or usque rendenng the site
or tissue more susceptible to delivery of a second agent or agents either by local or
systernic delivery. For example, provided herein is a composition of a pegylate
soiuble hyaluromidase, such as rHuPH20, that, when c:dmzmstm el together

eparately (intermpittently, simulfanecusly or sequentially) with a comnposition
conianing an anti-cancer agent [o a mor, can render the tunor mors susceptible to
such anti-turnor agents. As dison elsewhere hereln, 2 composition of a pegylated
soluble hyaluronidase also can be administered alone to treat diseases or conditions
associated with accurnulated }wa’;m"onidase gubstrate expressions. |

The compounds can be forrmutated info snitable pharrpaceutical preparations

guch g8

[ 25)

m

olutions, suspensions, tablets, dispersible tablets, pills, capsules, powders,
suviained release formulations or etixirs, for oral administrate, as well as ransdsrmal

paich preparation and dry powder inhalers. Typ:

IO pharmactuliCal COTmROSION: U

art (see e.u., Ansel Infroduction to Pharmaceutical Dosage Forms, Fourth Edition

~

1985, 126), Generally, the mode of formulation 18 a funchion of the route of
administration. The compositions can be co-formulated or provided as separat
COmpOsIHons.

Generaily, the compoesifions are

crmulated in lyophilized or liguid form.

Where the compositions are provided in Iyophilized form they can be reconstituted
jugt prior to use by an appropriate buffer, for example, a sterile saline solution. The
compositions can be provided together orseparately. For purposes hersin, such
compositions typically are provided separately, The hyaluronan degrading enzyme,
such as soluble hyaluronidass, and second agent can be packaged as separate
compositions for administration iogether, sequentially or intermitiently. The
mmbiﬁaﬁiﬂns can be packaged as a ki,

Compesitions can be formulated for admintstration by any route known o
those of sldll in the art including intramuseniar, intravenous, intvadermal,
uﬁr'ﬂ“ﬂ@nﬁl, intraperitonsal injection, subcutaneous, intrafmorel, epidural, nasal,

oral, vamnal, rectal, topical, local, ofic, inhalational, buceal (2.g., sublingual), and
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transdermal administration or any route. Administration can be local, topical or
gystemnic depending upon the locus of treatment. Local administration fo an area in
need of treatment can be achisved by, for example, but not Hmited to, local infusion
doring surgery, topical application, eg., in conjunction with & wound dressing afier
surgery, by injection, by means of a catheter, by means of & L supnosiiory, or by means
of an implant. Compositions also can be administered with other biologically active

1

agents, esther sequentially, intermittently or in the same composttion. Administration
also can inchude confrolled release systoms including controlied release formulations
and device conirolled release, such as by means of a pump.
The rost suitable rouie in any given cese depends on a varety of factors, such
| s the nature of the disease,' the progréss of the disease, the severity of the disease the
particular composition which 1s used. For purposes herein, it is desired that a
byaltronan degrading enzyvime, such as a goluble hyaluronidase, and/or second agent

are administered svch that a phaomaceut: ca}iy-a\failablaz arnount or level exists in the

i

Torexgmple, compostions arg adimeustered syfomicaily, ior
inmtravenous administration. In some cases, such compositons are administered such
that they resch interstitivm of skin or tissues having accumulated byaluronen, For
example, the introduction of seluble hyaluronidases o tumeor interstitial would
r::nhanc:e t"nfz delivery of locally delivered as well as systernically available anti-cancer
agenfs which can more readily penetrate the tumor when interstitial fiund pressure i3
reduced rmd diffusion and/or conmective transport increased. Hence, a hyaluronan
augrz*am p enzyme, such as a soluble hyaluronidase, and the second agent or agents
can be adminisiered by different routes of administration. Thus, in one examy Die, &
soluble hyaluronidase is administered locally, for example, infratumorally, fo the site

-

or tissue associated with accumulaied hyveluronan, znd the second agent 1s

administered systernically, for example, by intravenous administration. Other modes

of adminisfration alzo are « oni:amplatai. Phiarmacentical compositions can be

formulated in dosage forms appropriate for each route of administration.
Administration methods can be emnployed to decrease the exposure of

hya] wonen degrading enzymes, 2.g. sohible hyaluronidases, and other molecules io

sgradative provesses, such gs proteolylic degradation and smmmmmological
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Intervention via antigenic and mmmunogenic responses, Examples of such methods
inciude jocal administration at the site of treatment,
1. Formulations
Pharmaceutically acceptable compositions are prepared in view ol approvals
fo_:r a reguiatory agency or other agency prepared in accordance with generally
recognized vharmacopeta for use in animals and in humans. Compositions can take
the form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, and
sustained release formulations. A composition can be formulated as a suppository,
with traditional binders and carriers such as triglycerides. Oral formmulation can
10 include standerd carriess such as pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharing, cellulose, magnesivm carbonate, and other
such agents, The formulation showld suit the mode of administration.
Pharmsaceutical compositions can include carriers such as & diluent, adjuvant,

excipient, or vehicle with which an enzyme or activator is administered. Examples of

15 suilgbiz phanmaceurical camiers are described in “Remingon's Pharmaceuucal
Soiences" by B W, Martin. Such compositions will contain a therapeutically effective

arnount of the compound, generally in purified form, together with a suitable amoeunt
of carrier 50 as to provide fhe form for proper adminisivation to the patient. Zuch

pharmacestical carriers can be sterile hgnids, such as water and oils, including those
AR LR ol M s - LA L LE n.:<.'&‘ " Ilvg 4l AL [y

20 of petroienm, amimal, vegetable or synthetic ongin, such as peanut 0il, sovbean oil,

mineral oil, and sesame ofl. Water is 2 typical carrier when the vharmaceuticsl
composition is adminisiered intravenously, Saline solutions and aguecus dextrose
and glycerol selations also can be emiploved as liquid carmiers, particularly for

iniectable solutions, Composibons can contain along with an active ingredient: 2

3
L

diivent such as lactose, sucrose, dicalenum phosphate, or carboxymetnvicellulose; 2
febricant, such as ma@eéium stearate, caleium stearate and fale; and 4 binder such as
staréha natural gums, such as gom acaciagelating glucese, molasses,
polvinylpyrrohidine, celluloses and denvatives thereof, povidone, crospovidones and
other such binders known fo those of skill in the art. Suvitabie phanmaceutical |

30 excipients include starch, ghacose, lactose, sucroge, gelatin, malt, rice, flour, challk,

sitica gel, sodium stearate, glycerol monostearate, tale, sodivm chloride, dried skim
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milk, glycercl, propylene, glycol, water, and ethanol. A composition, if desired, also
can contain minor amounts of wetting or emulsifying agents, or pH buffering agents,
for example, acetate, sodivm citrate, eyclodextrine derivatives, sorbitan monolaurate,
triethanclamine sodium acetate, triethanolamine oleate, and other such agents.

In one example, pharmacentical preparation can be in Hguid form, for
example, solutions, syrups or suspensions. Such Hquid preparations can be prepared

by conventional means with pharmaceutically acceptable additives such as

suspending agents {e.g., sorbitol syrup, celiulose derivatives or hydrogenated edible

~fats): emulsifying agents {e. g lecithin or acacia); non-agueous vehicles (e.z., almond

oil, oily esters, or fractionated vegetable oils); and proservatives {e.g., methyl or
propyl-p-hydroxybenzeates or sorbic acid), In another example, pharmacentical

preparations can be presented in lvophilized form for reconstitution with water or

. ofther suitable vehicle before use,

Pharmaceutically therapeutically active compounds and dertvatives thereof

PUAUIES

Each unit dose contains a predetermined quantity of therapeutically active compound
sufficient to produce the desired therapeutic effect, in association with the required
pharmaceutical carrier, vehicle or dituent. Unit dosage forms, include, but are not
limnited to, tablets, capsules, pills, powders, granutes, sterile parenteral solutions or
suspensions, and oral solutions or suspensions, and oil water emulsions confaining
suitable guantities of the compounds or pharm aceutically acceptable derivatives
fhereof, Unit dose forms can be contained ampouies and syringes or individually
packaged tablets or capsules. Unit dose forms can be administered in fractions or
multiples thereol. A roultiple dose form is a plurality of identical unit dosage forms
packaged in a single container to be administered in segregated unit dose form.
Examples of multiple dose forms include vials, bottles of tablets or capsules or bottles

of pints or gallons, Hence, multiple dose form is a multiple of unit doses that are not

2

cgregated in packaging. Generally, dosage forms or compositions containing active
ingredient in the range of 0,005 % t0 100 % with the balance made up from non-toxic

carrier can be prepared.
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Pharmaceutical composition can be fermulated in dosage forms appropriate
for each route of administration. '
| #.  Imjectables, mﬁutiﬁm and emulsions
Parenteral administration, generally characterized by injection, either
subcutaneously, mirammscularly, infrafimoraily, intravenously or intradermally is
contemplated hersin, Injsctables can be prepared in conventional forms, either as

1

biguid soiutions or suspensions, sohd {orms suitable for solution or suspension in

liquud proioy to injection, or as emtisions. Suitable excipients are, for exampie, water,

salie, dextrose, givesrol or ethanol.  In addition, if demrm! the pharmaceutical

composttions to be administered may also contain an activator in the form of & solvent

such as pH buffering agents, metal ion saits, or other such buffers. The
pharmaceutical compositions also may contain other minor amounts of non-tox
auxiliary substances such as wetting or ermulsifving agents, pH huffering agents,
stabilizers, solubility enliancers, and other such agents, such as for exampie, sodium
acetate, sorbitan monolaurate, nethanolamine oleale and cyclodexiring, Impianation
of a slow-release or sustained-release system, such that a constant level of dosage is
maim:ained (see, . g., U. 8. Patent Mo. 3,710,795) also is contemplated herein. The
percentage of active compound contained in such parenteral compaositions is highly
dependent on the specific nature thereof, as well as the activity of the compound and

1

the needs of the subject.

For example, a standard stebilized formulation of 2 modified soluble
fryaluronidase as provided heremn is fonmulated with one or more of EDTA, NaCl,
Cally hiptiding, lactose, albumin, Pluronic® FOE, TWEEN® and/or other detergent
or ofher sirailar agenis. For example, cormpositions provided herein csn contain one
or more pH buffers (such ag, for example, histidine, phosphate, or other buffers), or
soadie bufler (such as acetate, cifrate, pyruvate, Gly-HCL suconate, lactate, maleate
or other buffers}, tonicity modifier (such as, for example, an amino acid, polyaloohel,
Na(l, trehalose, other salte and/or sugars), stabilizer, chelating agent, such as
etﬁylemdiaminste rarcetic acid, ethylensdiaminetetrazcetate or calchnm EDTA,

oxygen scavenger, such as methionine, ascorbic acid/ascorbate, citric acid/oitrate, or

albumin, and/or a preservative, such as preservative containing an aromafic ring (e.g
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phenol or cresel). Exemplary stabilizers that are usef] for compositions containing a
hyaluronan degrading enzyme inclnde detergents, such as polysorbates and proteins
such as human serum albumin, Exemplary conc&mraf:ions of serum albumin that are
usefll in the compositions herein include 0.1 mg/ml, 0.2 mg/mi, 0.3 mg/mlL, 0.4
mygfml, 0.5 my/iml, 0.0 mg/ml, 0.7 mg/mL, 0.8 mg/mL, 0.9 mg/mi. or I mg/mlL, bat
can be more or less. Polysorbates alse can be present in the compositions at, for
exaimple, concentrations of or about 0.001%, 0.002%, 0.003%, 0.004%, 0.005%,

0.006%, 00.007%, 0.008%, 0.005%, 0.01%, 0.02%, 0.03%., 0.04%, G.05%, 0.06%,

L 0.07%, 0.08%, 0.09% or 0.1%. A metal ch@h tirrg agf:nt such as calclum EDTA

{CaBEDYTA), also can be present, such as for example, at concentrations of between
approximately 0.02 mM to 70 mivi, such as 0.02 mM, 0.04 mM, 0.06 mM, 0.08 mM,
G0, 6.2 m, 0.3 mbdd, 04 mb, 08 mb, 0.6 mM, 0.7 md, 6.8 mM, 0.9 mM, 1
mM, 5 mM, 10 mb, 15 md, 20 mM or more. The pH and the osmolarity of the

compesitions can be adjusied by one of skill in the art to optimize the conditions for

compositions provided herein bave an osmolarity of at or about 100 mOsm/kg, 120
mOsmvkg, 140 mOsm/g, 160 mOsm/kg, 180 mOsmi/kg, 200 mOsmikg, 220
miamikg, 240 '*ni}am/um, 60 mOsmikg, 280 mOsm/kg, 300 mOs/ky, 320
mOsm/kg, 340 mOsm/ke, 360 mOsm/iyg, 380 mGsm/ke, 400 mGsm/iky, 420
mOsm/kg, 440 mOsm/og, 450 H”lDSHU!kg., 500 or more mOsmikeg, and a pH of at or
about 6, 6.2, 6.4, 6.6,6.8,7,7.2,74,7.6, 7.8 or &.

Generally MaCl 15 "{}“f“\ﬁd’“ﬂ in formnulations herein, for example, in an amount
that is or is about 100 mM- 150 mM or more, For exareple, an sxemplary formulation
can contain at or about 10 mM histidine and/or at or about 130 mb NaCl. Other
formulations can contain in addition or aliematively lactose, for example, at or about
13 mg/ml. Additionally, an ‘r.wmc;‘i:eriai or anti-fungal agent, including, bui not
Tirnited to thiomersal, can be prasent in the formulation. Formulations can further
contain Albamin, Pluromic® FOE, TWEEN® and/or other detergent, The

formulations are provide a pH that 15 or 1s about 8.0, ¢ 6.2,06.3,64, 65 6.6

aidey Ay

6.7,6.8,6.9,7.0,7.1,7.2, 7.3 or 7.4, generally that is or s about pH 6.3

Concentrated formulations of 2 modified sohuble hyaluronidase for use herein are
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generally diluted in a saline solution or other salt buffered solution prior
drministration to maintain the appropriate sali concentration.

Iniectables are dc—:sig,ne:d for Tocal and svystermic adrministrabion, FOr purposes

1

werein, local administration is desired for direct adminstration to the affected

by

interstitium associated with accumulated or excess hyaluropan, Preparations for
parenteral administration include sterile sohations re =djy for injecﬁan, stenle dry
soluble products, such as lyophilized powders, ready to be combined with a solvent
just prior to use, including hypodermic tablets, sterile suspensions ready for mpection,
e dry insoluble products ready o be combined with a vehicle just priof to use and
steriie emuisions. The sclutions may be sither agueous or nonagusous. If administered
intravenousiy, suitable carriers inchirde physiclogical saline or phosphate buffered
saline (PRSY, and solufions containing thickening and solubilizing agents, such as
glucose, polyethylene glyeol, and pelypropylene glyeol and mixtures thereol.

I

Pharmaceutically acceptable carriers used in parenteral preparations include

T

aqueous velicies, ponagueous vehicles, antimicroblal agents, isolonic agents, bullers,
antioxidants, local anesthetics, suspending and dispersing agents, emulsifying agents,

e

sequestening or chelating agents and other pharmace uticaiiy accoplable subsiances

]

Examp ‘i* =5 of agueous vehicles include Sodivm Chlonde Injection, Ringers Injsction,
Isotenic Dextrose Injection, Sterile Water Injection, Dextrose and Lactated Ringers
injection. Nonagueous parenteral vehicles include fixed oils of vegetavie ongn,
cottonsaed oil, corn oil, sesame oil and peanit oil, Antimicrobial agents in
bacteriostatic or fangistatic concentrations can be added to parenteral prep arations

packaped in multiple-dose containers, which include phenols or cresols, mercurials,

?“
v

zyl ateohol, chlorobutanol, methyl and propyl p-hydroxybenzoic acid esters,
thirerosal, benzalkonium chloride and benzethonium chlonde. Isotonic agents
inciude sodivm chlonde and dextrose. Buffers include phosphate and citrate.
Antioxidants inclode sodivm bisulfate. Local anesthetics include procame
hydrochloride. Suspending and dispersing agents include sodium

arboxymethylceliuose, hydroxypropy! methyleeliulese and polyvinylpyrrolidone.

”\"j

Fraulsifying agents inclode Polysorbate 80 (TWEENs 80). A sequestering or

3

chelating agent of metal jons include EDTA. Pharmacentical carriers also include
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ethy! alcohol, polyethylene glycol and propylene glycol for water miscible vebicles
and sedium hydroxide, hydrochloric acid, citric acid or lactic acid for pH adjustment.

If administered infravenounsly, suitable carriers include phvsiclogical saline or
phosphate buffered saline (PRS), and solunions containing thickening and solubilizing
agents, such as glucose, polyethylene gl Ly 1, and polypropylene glyeol and mixtores
thereof.

The concentration of the pharmaceutically active compound is adjusted 50 that
an injection provides an effective amount to produce the desired pharmacological
effect. As discussed elsewhere hetein, the modified soluble hyahwronidase is provided

in & sufficient amoeunt to roaintain at or about 3 Ulml of the hyaluronidase in the
plasma. The exa ct dose depends on the age, weight and condition of the patient or

animal 2s is known in the art. The unit-dose parenters] p;“eparati ons are packaged 1n

an arnpoule, a vial or 2 syringe with a needle. The volume of liguid solution or

reconstituied powder preparation, containing the pharmacentically active compound,

s 10 o weaed and the ;Jm’“ﬂmllri.k

chosen for package. All preparations for parenieral administration must be sterile, as

18 known and practiced 1n the art.

by Loyophilized powders
Of inferest harein are Iyophilized powders, which can be reconstituted for

administration as solutions, emyulsions and other mixiures. They may also be

reconstituted and formulated as solids or gels.

The sterile, Iyophilized powder is prepared by dissolving a compound of a
soluble hyaluronidase end/or second agent i a buffer solution. The buffer solution

may contain an excipient which improves the stability or other phanmacological

component of the powder or reconstitutad sclution, prepared from the powder

Subseguent sterile Gliration of the solution followed by | tyophilizaiion under standard

conditions known 0 those of skill in the art provides the desired fonmulation. Briefly,

the Iyophilized powder is prepared by diasolving an excipient, such as dextrose,

.

sorbital, fructose, corn syrup, xylitol, glycenn, glucose, sucrose or other suitable

1izent, in o switable buffer, such as citrate, sodium or potassiom phosphaie or other

P

such pufier known to those of skill in the art, Then, 2 selected enzyme 15 added fo the
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esulting mixture, and stirred until it dissolves. The resulting mixture is stenle filiered

or treated to remove narticuiates and to insurs sterility, and apportioned into vials for

- Iyophilization. Each vial will contain a sgle dosage (1 mg -~ | g, generally 1-100 mg,

such as 1-5 mg) or multipice dosages of the compound. The tyophilized powder canbe

stored under appropriate condittons, such as at about 4 °C to room temmperatore
Reconstitution of thus Iyophilized powder with a buffer solution provides 2

formulation Tor use in parenteral administration. The precise amount depends upon

the indication treated and selected compound. Such amount can be empirically

determined.

e, Topical &aézni_‘ﬂisﬁ'atim}
Topical mixtures are prepared as described for the local and systermc
admansh ation, The resulting mixture may be a solution, suspension, emulsions oy the
bike and are formulated as creams, gels, oinfments, emulsions, solﬁtions, elixirs,

o)

lotions, suspensions, tinciures mqt es, foams, aerosels, rrigadons, sprays,

administration.

The compounds or pharmaceutically acceptable derivatives thereol may be
formulated ag azrosols for topical application, such as by inhalation (see, e q., U. 8.
Patent Mos, 4,044,126.4,414,209, and 4,364,923 which describe aerosols for delivery

Lo 4

u) for treatment inflammatory diseases, particularty asthma). These

of
formulations for aéministration to the respiratory tract can be in the form of an aerosol
or solution for a nebulizer, or as a microfine powder for insufflation, alone orin

combination with an inert carmer such as lactose, In such a cage, the particles o

i

“the

—ty

[a)

formulation will typically diametersol less than 50 microns, preferably less than 10
microns.

The compounds may be formulated for local or topical application, such as for
topical application to the skin and muccus membranes, such as in the eye, in the form
of gels, creams, and lotions and for application to the eye or for intracisternal o
intraspinal application. Topical administration is conternplated for transdermal

delivery and also for administration fo the eves or mucoesa, or for inhaiation therapies
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Nasal solutions of the active compound alone or in cornbination with other
pharmaceutically acceptable excipients also can be administered.

Formmulations suitable for ransdermal administration are provided. They can
be provided in any suitable format, such as discrete patches adapted to remain in
intimate contact with the epidermis of the recipient for a prolonged period of time,
Such patches contain the active compoind in opfionally buffered agneous solution of,
for -axample, 0.1 to 0.2M concentration with respact to the active compound.
Formulations suitable for transdermal administration alse can be delivered by
jontophoresis { see, 2.2, Pharmaceutice! Research 3(5), 318 {1986} and typicaily take
the form of an optionally buffered agueous solution of the active compoun

d. Cﬁmpmitéms for other routes of administration

Depending upon the condition treated other routes of administration, such as

topical application, transdermal patches, oral and rectal admimstration also arg

contemplated herein. For example, pharmaceutical dosage forms for rectal

]

suppositories include solid bodies for insertion into the rectum which meli or soften E:L'.
hody temperature releasing one or more pharmacoliogically or therajpeutical‘iy active
ingredients. Pharmaceutically acceptable substances utilized in rectal suppositories
are bases or vehicles and agents to raise the melting point. Examples of bases include
cocoa butter {theobroma oil), glycerin-gelatin, carbowax (polyoxyethylene glycol)
and appropriate mixtures of mono-, di-and triglycerides of fatty acids. Combinations
of the varicus bases may be used. Agents to raise the melting point of suppositories
inchude spermacetl and wax. Rectal suppositories may be prepared either by the
comnpressed method or by molding. The typical weight of a rectal suppository is about
7 t0 3 gm. Teblets and capsules for rectal administration are manufactured using the
same pharmaceutically accepiable substance and by the samne methods as for
formulations for oral administration.

Forpmlations suitable for rectal administration can be provided az unit dose
suppositories. These can be prepared by admixing the active compound with one or
more conventional solid camiers, for example, cocoa butter, and then shaping the

resulfing mixture.
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For oral administration, pharmacewtical compositions can take the form of, for
example, tablets or capsules preparad by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,

polyvinyl pyrrolidone or hydroxypropyl mnethyleellnlose); fillers {e.g., tactose,

microcrystalline ceflulose or caleium hydrogen phosphate); lubricants (e.g.,

magnesium stearate, tale or silica); disintegrants (e.g., potato starch or sodium starch

-glyeolate); or wetting agents (e g., sodimrmlauryl sulphate). The tablets can be coated

by methads well-known w the art,

Formulations suitable for buccal (sublingual) administration include, for
example, lozenges containing the active compound in a flavored base, usnally sucrose
and acacia or tragacanth; and pastilles containing the compound in an inert hase such
28 gelatinand glycerin or sucrose and acacia.

Pharmacentical composttions also can be administered by controlled rzisase

formulations and/or delivery devices (seg, e.g., in U.S. Patent Nos. 3,536,809;

&

3,098,125, 5,630,200, 5,845,770, 5 847,776; ¢

4,769,027, 5,089 595, 5,073,543, 5,120,548; 5 354 566; 5,591,767, 5,639,474;

5,674,533 and 5,733,566).

Yearious delivery systems ars known and can be used io administer selected

compositions, such as put not imited to, encapsulation in liposommes, microparticles,

-~

microcapsules, recombinant cells capable of expressing the compound, recenior

B0ET
mediated endocytosis, and delivery of nucleic acid molecules encoding a seluble
hyaluronidase or other agent such as retrovirus delivery systems.

Hence, in certam emibodirments, hiposomes and/or nanoparticles also. can be
empioyed with administration of compositions herein. Liposomes are formed from
phoespholipids that are dispersed in an agueous medium and spontaneously form

uitilamellar concentric bilayer vesicles {also termed multilamellar vesicles
(MLVs)). MLVs generally have Giamneters of from 25 nm to 4 ur. Sonication of
MLVs msults in the formation of small unitamellar vesicles (3UVs) with diameters in
the range of 200 to 500 angstroms contatning an aqueons solution in the core

Phospholipids can form a vaniety of structures other than lipesornes when

3
H

dispersed in water, depending on the molar ratio of lipid to water. At low ratios, the
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liposomes form. Physical characteristics of liposomes depend on pH, ionic strength
and the presence of divalent cations. Liposomes can show low permeability to ionic
and polar substances, but at elevated temperatures undergo a phase transition which
markediy alters their permeability. The phan transition involves a change from a
closely packed, ordered struciure, known as the gel state, 1o a loosely packed, less-
ordered structure, known as the fluid state. This occurs af a characteristic phase-
tramsition ternperature and regults 1n an meorease 1n permeability to ions, sugars and
drugs.

Liposomes interact with cells via different mechanizms: endocytosis by
phagocytic cells of the reticuloendothelial system such as macrophages and

newtrophils; adsorption to the cell s faf:fsz either by nonspecific weak hydrophobic or

electrostatic forces, or by specific interactions with cell-surface components; fusion
with the plasma cell membrane by insertion of the hipid bilayer of the liposome inte
the p‘Easmu merpbrane, with simultanecns release of iposomal comntents into the

1, und by ransier of iposomal iy

vice versa, without any association of the Hposome contents. Varying the liposome
formulation can alier which mechanism is operative, althovgh more than one can
operate at the same time. Nanocapsules can generally entrap compounds in a stable
and reproducible way, To avoid side eifects due to intracellvlar polymeric
overicading, such uitrai ine particles (sized around 0.1 wm) should be designed using
polymers able to be degraded in vivo. Bicsdagmda‘biepoiyaikyl«cyanmac:ryiaia

nanoparticies that mest these requirementis are confemplated for use herein, and such

particles can be easily made.

2. Dosage and Administration

Active agents, for example a hyaluronan degrading enzyme, such as a
hvaluronidase, and/or second agent, are inchoded in an amount sufficient that exert s
therapeutically wseful effect in the absence of undesirable side effects o the patient
reated. For example, as described elsewhere herein, the modified soluble
hyaluronidase is formulated for systemic adminsitration in a sufficient amount to

maintain al least or about 3 U/mL i the plasma, generally 3 U/mb- 12 UlmL or more,

for example, from about or at a level of 4 U/ml, 5 U/mL, 6 U/mL, 7 Uil § UMl
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9 UhnL, 10 U/mL, 11 Ulml, 12 UL, 13 UfmL, 14 U/mL, 15 U/miL, 16 Ulml, 17
Uhmnl, 1? UlmL, 19 Uml, 20 U/mL, 25 Ulal, 30 UfmL, 35 U/mbL, 40 Ulml, 4:
UfmlL., :;O Uimi or more.

It is within the level of one of skill in the art to determine the amounts of
modified hyaluron-degrading enzyme, for example, modified solable hyaluronidase to
maintain at least 3 U/mL of the hyaluronidase in the bloed. The level of

hyaluronidase in {he Blood can be monitored over time in old er (o engure that a

ficient amount of the hvaluronidase is present in the blood. Any essay known fo
one of skill in (he art to measure the hyaluronidase in the plasma can be performed.
For exampis, 8 microturbidity assay or enzymatic assay described in the Examples
herein can be performed on protein in plasma, It is underspod that plasma tormally

contains hyaluronidase enzymes. Such plasma hyaluronidase enzymes typically have

act‘l‘vi‘ty at an acidic pH (U8, Patent No. 7,105,330). Hence, before treatment of with
a modified enzyme, the plasma levels of %ymurcmi dase should be determined and

dEhd

I

LU Bl

treatmment can be compared (o the levels before treatments. Alternatively, the agsay
can be performet under pH conditions that suppress endogenous lysosomal
hyafuronidase activity in plasroa, which normally exhibits activity at acidic pH. Thus,
where the modified soluble hyaluronidase is active at neutral pF (e.z. human PH20),
only the level of the modified neutral-sctive soluble hyaluronidase is reasured,

The composition containing the active agent can include a phanmaceutically
acceptable carrier, Therapeutically effective concentration can be determined
ernpirically by testing the compounds in known i viire and in vivo systems, such as
the assays provided hersin. The concentration of 2 hyaluronan degrading enzyz
such as a soluble hyaluronidase or second agent in the composition depends on
absorpiion, nactivation and excretion rates of the complex, the physicochemical

characteristics of the complex, the dosage schedule, and amount administered as well
as other factors known o those of skill i the art. For exaraple, it is understood that
the precise dosage and duration of treatment i3 a function of the tissue bemng treated

and may be determined empirically using known testing protocols or by extrapoclation

from in vivo or in vitro test data and/or can be determined from known dosing reglmes
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of the particular agent. For example, agents and treatinents for treatment of
hyaluronan-associated diseases and conditions, such as apti-cancer agents, are well
known in the art. Thus, dosages of second agenis in a c:ompogéf;ieﬁ can be chosen
based on standard dosing regmes for that agent under a given route of administration
It is {0 be noted that concentrations and dosage values may also vary with the
age of the mmwéml treated. 1t 15 1o be forther understood that for any particular

subject, spec ific dosage regimens shouid be adjusted over time according to the

wdividual need and the professmonal judgment of the person sdministering or
supervising the admimistration of the formulations, and thai the conceniration ranges

set forth herein are exemplary only and are not intended to limit the scope thereof.
The compositions can be administerad hourly, daily, weekly, monthly, vearly or once.
Generalty, dosage regimens are chosen to imit toxicity. 1t should be noted that the

tending physician would know how to and when {o {erminate, intemrupt or sdjust

therapy to lower dosage due fo toxicity, or bone marrow, liver or kidney or other

when 1o adjust freatment to hisher levels if the clinical response is not adequate

(pmc*i,uiimg toxic sule effects)

p

he amount of a hyaluronan degrading enwyvime, such as s seloble

[

hyaluronidase, to be administered for the treatment of a disease or condition, Tor
exampie a hyaloronan-associated disease or condition such as an HA-nch fumor, can
be determined by standard clinical techniques. In addition, iz vifro zssays and animal
models can be emploved to help identfy optimal dosage ranges. The pracisé: dosage,
which can be determuned empincally, can depend on the parficular enzyme, the route
of administration, the type of disease (o be treated and the sericusness of the dissase
Exemplary dosage range is at or about 50 Units to 50,000,000 Uruts of & soluble
.‘ﬁyaiumnidaae conjugated 1o a polymer, or 2 functionally equivalent smount of
another hyaluronan degrading enzyme confugaied to a polymer. X is unders stood
herein that aunit of activity 15 normahized (o a stendard activity, for example, an
activity as measured in a microturbidily assay assaying hyvaluromidase activity.

A soluble hyvaluronidase conjugated to & polymer, for example 2 pegylated

zoluble hyaluronidase, can exhibit lower activity per mg of fotal protein, i.e exhibits a
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lower specific activity, compared 1o a native soluble hyaluronidase not so conjugated.
For exampie, as described elsewhere herein, an exemplary (HuPH20 preparation
exhibits a speeific activity of 120,000 Units/mg, while a pegylated form of rtHuPHZ0
exhibits a specific sctivity of 30,000 Units/mg. Typically, a PEGylated form of
rHuPH20 exhibits a specific activity within the range of between at or about 26,000
and at or sbout 38,000 Ulmg. Hence, to achieve an equal unit of activity, s greater of
amount of total protein is required. For example, a byaluronan degrading enzyme,

such as a soluble hyaluronidase, conjugated to a polymer requires 1.5 tune, 3 times, 4

-
o

mes, 5 tmes, 6 fimes, 7 times, 8 fimes, 9 times, 10 fimes or more total protein (in
mg) io achieve the same unifs of activity of a hyaluronan degrading enzyime, such as
soluble hyaluronidase, that is not so conjugated.  For purposes herein, however,
dosages are with reference fo Units.

Thus, for example, a soluble hyaluronidase provided heraln conjugated to

olvmer, for example, a FEG, can be administered at or about 10 to 50,000,000 Units
- B - E T b

1,200,000 Units, 10 to 1,000,000 Units, 10 to 500,000 Units, 100 to 100,000 Units,
500 to 50,000 Umits, 1000 to 10,000 Units, 5000 to 7500 Units, 5000 Units to 50,000
Units, or 1,000 to 10,000 Units. In instances where a hyaluronan degrading enzyme

that is not a hyaluronidase s conugated to a polymer, it can be administered at an

A0, G00C,G00 Units; 10 to 36,000,000 Units, 10 w0 12,000,000 Units, 10 ¢ 0 1,200,000

Units, 10 to 1,000,000 Units, 10 to 500,000 Units, 100 10 160,000 Units, 500 to

50,000 Units, 1000 to 10,000 Units, 5C00 to 7500 Units, 5000 Units to 50,000 Units,
r 1,000 1o 10,000 Units,

Generally, for purpeses hersin to maintain af leagt 3 UsnL of the
myaluronidase in plasma, at or about 0.02 me/kg (of the subject), 0.03 mg/ky, 0.04
mg/lf:g,, G.05 mgfkg 0.06 mg/kg, 0.07 meglkg, 0.08 mp/kg, 0.09 mg/kg, 0.1 me/ke,

A5 mgtke, 0.2 mghkg, 0.25 mg/ke, 0.30 mg/kg, 0.35 me/ke, 0.40 mgkg, 0.45
my/kg, 0.5 mg/ikeg, 0.55 mgke, 0.6 mgkeg, 0.7 mg/kg, 0.8 mg/kg, 0.9 mekg, 1.0
mg/kg, 1.1 me/kg, 1.2 mg/keg, 1.3 mg/keg, 1.4 mg/hg, 1.5 mg/kg or more i5

adminigiered. Generally, where the specific activity of the modified hyahuronidase is
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or is about 20,000 U/mg to 60,000 U/mg, gen_araily at or about 35,000 U/mg, 60,000
U; 70,000 Uy 80,000 U; 90,000 U 100,000 U; 200,000 U; 300,000 U; 400,000 1;
560,000 U, 600,000 U; 700,600 U 800,000 U; 900,000 U; 1,600,000 U; 1,500,600 U;
2,060,000 U; 2,500,000 1; 3,000,000 17; 3,500,000 U; 4,000,000 U or more is
adnumstered.

Typicaliy, volumes of injections or infusions of hyaluronidase contemplated
herein are from at or about 0.5 ml, 1 ml, 2 ml, 3ml, 4 ml, Sml, 6 ml, 7 ml, 8 ml, 9 ml,
10ml, 15 ml, 20 mi, 30 mi, 40 ml, 50 m} ormore. The ‘n}faluronaﬁ degradimg |
enzyme, such as a hyaluronidase can be provided as a stock schiien at or about 50
Ufml, 100 Ulml, 150 Ulmd, 200 Ulml, 400 Ufmil or 300 Ulml {ora functionally
squivalent amount) or can be provided in a more concentrated formn, for example at or
about 1000 U/ml, 1500 Units/ml, 2000 U/ml, 4000 U/ml or 5000 U/ml for use directly
or for dilation to the effective concentration prior fo use. The velume of nyalurconan

degrading enzyroe, such as soluble hyaluronidase, administered is a function of the

S COnCENTENG O 4 hyaiuronan
deprading enzyme, such as soluble hyaluronidase, steck formulation available. For
exaraple, it is contemplated herein that hvaluronan degrading enzyme, such as soluble

hyaluronidase, is not administered in volumes greater than about 50 mi, and typicaily

is administered in 8 volume of 5-30 ml, generally 1 a volume that is not greater then
about 10 ml. A syringe pump can be used for the higher volurnes, at the discretion of

the physician. The thming of adminstration can also be adjusted by the treating
physician. For example, when administered intravenously, & syringe pump can be
used to administer the composition over a time penod that is | minute, 2,3, 4, 5, 6, 7,
8,0,10,11, 12, 13, 14,1 5,20, 25, 30, or more minutes, generally at or about 15
rninuies. The hyaluronan degrading enzyine, such 23 soluble hyaturonidase, can be
provided as a liquid or Ivophilized formmutation. Lyophilized formulations are ideal
for storage of large unit doses of hyaluronan degrading enzyme.

In one example, the hyaluronan degrading enzvme, such as soluble
hyaluronidase, 1s administered as part of 2 combination therapy, by administering the
ayaluronan-degrading enzyme and a second agent or treatment for weating the disease

or condition. In one example, the hyaluronan-degrading enzyme and second ageni or
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treatment can be co-formulated and administered together. In another example, the
hysluronan degrading cﬂzyme, such as scluble hyaturonidase, is administered
subsequently, intermtiently or %111L1t8ﬂwf313 sty with the sgcond agent or treatment
pmparaﬁon, Generally, the hyaluronan degrading enzyme is administ Uﬂad prior {o
administration of the second agent or reatinent preparation to per}mt tm.hya Eronan
degrading enzyme o degrade the hyaluronic acid in 2 cell, tissue or fhuid of the
subject, such asg, for example, the interstitial space, extracellular matrix, tumor tissue,
siood or other tissue, For example, the hvaluronan degrading enzyme, such as soluble
hyaluronidase, can be administersd 0.5 minnies, ] minute, 2 minuten 3 minute, 4
minute, 5 minute, 6 minute, 7 minutes, § minutes, 9 minutes, 10 minutes, 20 minutes,
30 minutes, 1 hour or more prior to administration of the second agent preparation. In
some examples, the hyaluronan degrading enzyme is administered together with the
séoond agent preparation. As will be appreciated by those of skall in the art, the

5

desired proximity of co-administration depends 10 sigraficant part in the effect haif

FRTSTV R
LiVEn Jdi wad

treated, and can be readily optimized by testing the effects of administering the agents
at vnrymv tirpes in suitable models, such as in suitable m*n“ﬂ"? maodels, In some
sttuations, the optimal tming of admimstration of the hyaluronan degrading enzyme,
such a3 5 hyaluronidase, will exceed 60 minutes,

A preparation of a second agent or agents or treatment or ireatments can be
administered at once, or can be divided into a number of smaller doses to be
administered at intervals of time, Selected age ent / treatmnent preparations can be

~

administered in one or more doses over the course of & treatment time for example
over several hours, days, w eeks, or months. In some ceses, continuous adminisiration
igugeful {tis undmmood that the precise dosage and course of administration
f:pf:nds on the indication and patient’s ﬁgo?arabi}.iiy, Grenerally, dosing rﬁ-gi.mas for

second agents/treatments herein are known to-one of sicill in the art,

3. Combination Therapies

Any of the cornposiiions or combinations described herein can be further co-
formutated or co-administered together with, prior to, infermitiently with, or
sabsoquent m; other therapeutic or pharmacologic agents or reatments, such as

procedures, for exampie, agents or {reatments (o treal hyaloronan-associated cancers,
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Such agents inctude, but are not limited to, other biologics, small molecule

compounds, dispersing agents, anesthetics, vasoconstrictors and surgm'.y? ang
combinations thereof. Such other agents and treatments that are available for the

treatment of & disease or condition, inchuding all those exemplified herein, are known

to one of gkill in the art or can be ammncaii v determined. In another example, 2 local

sty

anesthetic, for example, lidocaine can be administered to provide pain relief In some

examples, the anesthetic can be provided in combination with a vasoconstrictor {o
increass the duration of the mesthetic effests,

Thus, in one example, compositions provided herein can be co-formulated or
co-adrministered with a local anesthesia, Anesthesiag mclude short-acting and long-
lnsting local anesthetic drog formulations. Short-acting local anesthetic drug
forrmulations contamn Hdocaine or 2 related local anesthetic drog dissolved in saline or

other suitable injection vehicle.

} Typ (ﬁilv iocal anssthesia with short-acting loval
anesthetics jast dpprcmlmanﬁw 20-30 minutes. Exemplary anesthetics include, Tor
example, non-inhajation local anesihelics such as ambucaines; amoXeCaAINes

amylocaines; aptocaines; articaines; benoxinates; benzyl alcohols; benzocaines;

betoxveaines; hiphenamines; bucricaines; bumecaines; bupivacaines; butacaines,

vutarnbens; butanilicaines; carbizocaines; chioroprocaing; clibucaines; clodacaines,

cocaines: dexivacaines: diamocaines; dibucaines; dyclonines; slucaines; etidocaines,
b k] X 3 3 b

euprocing, fexiceines; fomocaines; heptacaines; ‘}:;1;1041;“@' hydroxyprocaines,
hvdroxvtetracaines; isobutambens; ketocaines; feucinocaines; lidocaines;

mepivacaines; mepryicaines, octocames, orthocaines; oxefiacaines, oxvmmmca&ms
phenacaings; pinoicaines; piperocames; pindocaines, p{}hd{}f}cﬁ'}\}‘o. PramOCaEines;
prilocaines; procaines; Propanocaines; Propipocaings; propoxycaine
proxymetacaines; pyrrocaings; quatacaines; quinisocaines,; risocaines, rodocaines;
ropivacaines; salicyl alcohols; suicaines; tetracaines) {rapencaines; and trimecaines;
well as various other non-inhatation apesthetics such as alfaxalones; smoelanones;
etoxadrots; fentanyls; ketamines; levoxadrols; me ﬂ;m;ralm methohexitals;
midazolams, minaxolones; propanidids; propoxates; pramoxrines; propofols;
remnifentanyls; sufentanyls; tletamings, and zolamine, The effective amount in the

formulation will vary depending on the particular patient, disease fo be reated, route
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of administration and other considerations. Such dosages can be determing
smpincally.

Dwue to the short half-life of local anesthetics, it is often desirable to co-
adipinister o co- Mnmui ate such anesthetics with a vasoconstrictor. Examples of
vesoconstrictors include alpha adrenergic receptor agenms '111.0111d.ing; catecholamines -
and cetechoiamine derivatives. Farteular sxamples include, but are not himited fo
levonordefrin, epinephyine and norepinephrine, For example, a local anesthetic
forrmulation, such as lidocaineg, can be formmulated o contain low concentrations of
gpinephrine or another adrenergic receptor agonist such as levonordelrin, Combining

local anssthetics with arlremrgic: receptor agonists 15 cormynon m pharmaceutical

repavations {see e.g, U.5. 1 Mo, 7,261,882 and 5,976,556). The vasoconstricior
s necessary 0 increase the halfllife of anestheiics. The vasoconstnctor, such as

epinephrine, stimulales alpha-adrenergic receptors on the blood vessels in the injecred
fissue, This has the effset of constnction the hlood vesssls in the igsue. The blood

[RR L )

vessel consiricton causes the local anesthetic fo stay in the tissue much longer,

“‘L

resuiting 1n a large increase in the duration of the anesthetic effect.
{.y;rer;ar-'fi} a vaseeonsincior 18 used herein ommmauon with an anesthetic.

The ancsthetic agent and vasoconsivictor can be adrministered together as part of a

le pharmacentical composition or as part of separate pharmacentical commostiions

so long as the vasoconstrictor acts to constnet the blood vessels in the vicinity of

i has been adminisierad

oo

to Tesuit in & proloaging of
.ELI‘:U“H sia. I one example, the anesthefic agent and vescconsitictor ars administered
together in solubion. In additon, the anest etic ¢ agent and vasoeonsirictor can be
formulated together or separate fromy the compositions provided herein, Single
formulations are preferred. The anssthetic agent and vasoconsiricior can be
admimstersd by injection, by infiltration o; by topical admimsiration, e.g., as part ofa
pel or paste. Typically, the snesthetic agent and vascconstrictor are administered by
injection dirscily into the site to be anesthetized, for example, by suboutaneous
administration. The effective amount in the formulation will vary depending on the

particular patient, disease {o be treated, route of administration and other

considerations. Buch dosages can be determuined empincally. For example,

[,
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exemplary amounis of Hdocaine is or is about 10 mg to 1000 mg, 100 mg to 500 mg,
200 mg to 400 mg, 20 mg to 60 mg, or 30 mgto 50 mg . The dosage of lidocaine
administered will vary depending on the individnal and the route of administration.
Hpinephrine can be administered in amounts such as, for example, 10 ug to 5 mg, 50
g to 1 me, 50 ngto 500 g, 50 pgto 250 ug, 100 g to 500 pg, 200 wg to 400 ng, !
mgto Smgor2mgio 4 me. Typically, epinephrine can be combined with lidocaine

ina 1:100,000 o 1:200,000 dilution, which means that i(}Onml of anegthetic contams

2

0.5 to 1 mg of epinephrine. Volumes administered can be adjusted depending on the

e
I

isease to be reated and the route of administration. Exemplary of volumes include 1
100 ml, 1 -50 ml, 10- 50 mL 10-30ml, 1-20ml, or 1-10 ml, typically 10-50 m! ofen

anestheticivasoconsirictor formulation. The adminis stration can be subseguently,
sirnuitanecusly or intermittently with administration of compositions of seluble
byaluronidases and other agents prowaud herein..

4. Peokaving sand Articles of Manufsctare

Also provided are arficles of maryafacire containing packaging materials, 2
pharmacentical composition that is effeclive for treating & hyaluronan-associated

isease or condition, and a label that indicates that the composition and combinations

Fa

are £ be used for treating a hyvaluronan-associated disease or condition. In one
@:{&m’pie, the pharmaceutical cornposition containg the hvaluronan-degrading enzvme,
and no seeond agent of freatment. In another example, the article of manufachare
containg the hyaluronan-degrading enzyme and 2 senond agent or agents or deatment
or freatmends. In ‘i;hié example, the pharmacentical compositions of a second agent
and a hyaluronan degrading enzyme, such as a scluble hyaluronidase, can be provided
tozether or separately, for packaging as articles of manufaciure. Exemplary of articles
of manufacture are contairniers including single chamber and dual chamber containers.
The confainers include, but are not limited to, tubes, bottles and syringes. The
comtainers con further include a needle for subcutaneous administration.

The arfictes of manufacture provided herein contain packaging materials
Packaging matenials {or use in vackaging phvm&c eutical products are well known
thore of skill in the art. Sses, for example, ULE, Patent Nog, 5,322,907, 5,033,252 and
5,052,558, each of which iz incorporated herein in s entirety. Examples of

pharmacentical packaging materials include, but are not Lirnited to, blister packs,
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bottles, tubes, inbalers, pumps, bags, vials, containers, syringes, bottles, and any
packaging material suitable for a selected formulation and intended mode of
administration and treatrnent. A wide array of formulations of the compounds and
compositions provided herein are contempiated as are 2 varety of treatments for any
hvaluronan-associated disease or condition.

Compositions effeciive for reating a hvaluronan-associated disease or
condition {e.g. composition(s) containing a hyaluronan dcgﬂdmw ENZYINE, SUCH a8
soluble hyaluronidase, and/or a second agent or freatment, provided together or
separaiely), also can-be provided as kifs. Kits can include a phanmaceuatical
composition described berein and an itery for admimstration. For example

compositions can be supplied with a device for adrninistration, such as a syringe, an

_inhaler, a dosage cup, g dropper, or an applicator. The kitcan, optionally, inchade

instructions for application including desages, dOSing ragimens and instructions for
modes of administration, Kifs aise can include a pharmeceuntical composition
described herein and an item for diagnosis. Por exarmple, such kits can mnclude an
item for measuring the coneeniration, amount or activity of hyaluronan,
G METBODE OF ABSEBSING ACTIVITY, BIOAVAILABILITY AND
PHARMACOKINETICE

Assays can be used 10 assess whether a subjsct has a markers fhat ere
associated with hyaturonan-associated diseases, conditions or dizsorders and is
therefore amendable to treatment using the methods provided herein. Such assays can
include measuring the amount of I Iryaiuropan, measuring interstitial ffmd pressu
vascular volumme and water content. Assays also can be used fo assess the in vitro and
in vivo activities of a hyaluronan degrading enzyme, wncluding a scluble
hyalurcnidase, as well as the in vipo and in vive activities of other agents, such as, for
example, chemotherapeutic agents, i the presence and/or absence of a hyaluronan
degrading enzyme, such as a soloble modified hyaluronidase. Included among such
assays are those that assess the pharmacokinetic properties of an agent that s co-
administered with 2 modified hyaluronan degrading snzyme, such as 2 PEGylated
hyaluronan degrading enzyme {(e.g. PEGylated soluble hyahironidase) including

bioavailability, and tolerability. BSuch assays can be used, for example, fo determine
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- appropriate dosages of modified hyaluronan degrading enzyme and, optionally, a co-

administered agent, such zs a chemotherapeutie, and the frequency of dosing, for
treatment.
1. Asgavs o assess the actvity of hiyaluronas degrading enzymes

Theactivity of  hvaluronan degrading enzyme can be assessed using meaihods

well known in the art. For example, the USP X1 assay for hyaluronidase
determines activity indirectly by measuring the amount of vndepgraded hyaluronic
acid, or hyaluronan, (HA}. substrate remaining afler the enzyme 15 allowsad to react
with the HA for 30 min 5t 37°C (USP 3I3ULNF XV {1990) 644-645 United States
Pharmacopela Convention, fne, Rockville, MD). A Hyaluronidase Reference
Standard (USPY or National Formulary {(NF) Standard Hya’iummdasa solution can be
used in an assay to ascertain the activity, in units, of any hyaluronidase. In one
example, activity is measured using a microtrbididy assay. This is based on the
formation of an insoluble precipitate when hvaloronic acid binds with serum albumin,

ared by incubanng hyvaluronidase with sodiun

The activiiy s s

inyaluronate
{i'zy&imom.ic acid) for a set period of time {e.g. 10 minutes) and then precipitating the
undigested sodivm hryaloronate with the additon of acidified serom albumin, The
rarkidity of the resuliing sample 15 measured at 640 nm after an additional
development period, The decrease in turbidity resulting forn byalurenidase activity
on the sodium hveiuronate substrate is a measure of byaluronidase enzymatic activity.
In =nother example, hyaluronidase activity is measured using a microtiter assay in
which residual otinylated hyaluronic acid is measured following incubation with
hyabaronidase (ses e.g. Frost and stern (1997) Anal. Biochem. 251:263-269, U.S.
Patent Publication No, 200502601 86). The fres carboxyl groups on the glucuronic
acid residues of hvaluronic acid are biotinylated, and the biotinylated hyaluronic acid
substrate 18 covalently coupled to a microtiter plate. Fq:.s}'iowing incubation with
hyaluronidass, the residual biotinylated hyaluronie acid substrate 1s detected using an
avidin-peroxidase reaction, and compared fo that obtained following reaction with
hvaluronidase standards of known activity, Other assays to measure hyaluronidase

o b

activity also are known in the arf and can be used in the methods herein (see e.g.
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Delpech et al., (1995} Anal. Biochem. 229: 35 41; Takahashi ef al,, (2003} Anal.
Biochem. 322:257-263).

The ability of a hyaluronan dﬂgtad;ng enzyime, such as & modified soluble
hystaronidase (eg PEGylated rHuPH2Z0} to act as a spreading or diffusing agent also
can be assessed. For example, trypan blue dye can be injected, such as
subcutaneously or intradermally, with or withouat a hyaluronan degrading enzyme into
the lateral skin on each side of nude mice. The dye area is then measured, such as.
with & microcaliper, to detsrmine the ability of the hyaluronan degrading enzyme to
act as a spreading agent {see e.g. U.S. Published Patent Mo. 20060104968). The
effect of co-administration of a hyaluronan degrading enzyme, such as a
hyaloromdase, with another agent, such as a chemotherapeutic, oo the
pharmacokinetic and pharmacodynamic properties of tha rgem also can be assessed
in vivo usiﬁg animal medel and/or human subjects, such as i:ﬂ the setting of a clinical
trial. 2z disonsesd ahove and demonstrated in Fxamnle 1, below. The functional
activity of a hvaluronan degrading enzymie that 18 not a hyaluromdase can be
compared to 2 hyaluronidase using any of thess assays. This can be done to
determine what a functionally eguivalent amount of a hvaluronan degrading enzyme
is. For example, the ability of a hyvaluronan degrading enzyime to act 48 a spreading or
diffusing agent can be assessed by injecting it (e.g. subeutanecusly or intradermally)
inio the lateral siiin of mice with trypan biue, and the amount required to achieve the
same amount of diffusion as, for example, 100 units of a Hvaluronidase Reference
Standard, can be determined. The amount of hyaluronan depgrading enzyre required
is, therefore, functionally equivalent to 100 hyauronidase units. The hydraulic
conductivity (K, such as in 2 twnor, before and after teatiment with a modified
hyaturonan degrading enzyme, such as a modified hyaluronidase, also can be
measured to assess the activity of @ modified hyvaluronan degrading enzyme
preparation.

e ability of a modified hyvahwonan degrading enzyme, such as a modified |
hyeluronidase, including pegylated hyaharonidase, to afiect any one or more of the
markers associated with hvaluronan-associated diseases and disorders deseribed

sbove, or any other assoctated markers or phenotypes, can be assessed USIng any ons
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ore more of the assays described above, For example, the ability of & modified
hyaluronan degradmg snzy‘n e, such as a modified hyaluromdase, to reduce

hyaluronan levels or content, formation or size of halos, interstitial fiuld pressure,

=

ater content and/or vascular volume can be assessed asing any one or mors of the
B o - Ty e ey — f 1

assays above in vitro, ex vivo and/or in vive. Inone sxample, a medified

hvaluronidase can be administered to e subject with a famor or an approprigte animal

model and the offsct on hyaluronan Jevels, formation or size of halos, interstitial fhuid
presguz‘a, water content and/or vascular volume assessed and compared o supjects or
amimal models not administered modified hyaluronidase. In some examples, the

moedified hyaluronidase can be adminstered with another agent, such a5 a

chemotherapectic agent.
2 Pharmacokinetics and f:oﬁemhiii‘éjy
Pharmacokinetic and olerability studies can be performed using animal

co-administration with a moedifisd hyaluronan degrading enzyme, such as & modifisd

hvaluronidase, on the properties of an agent, such as a chemotherapeutic agent.
Animal meodels ude, but are not limited fo, mice, dogs, guinea pigs

and pon-human primate models, such as cynomolgus monkeys or rhesus macagues.

in zeme instences, pharmacokinetic and tolerability studies are performed nsing

healthy animals. In other examples, the studies are performed using animal models of
a disease for which therspy with hyaluronan 18 considered, sueh as animal modals of
ary with hyaluronan-associated diseases and disorders.

The pharmacckinetic properties of, for example, 2 chernotherapentic agent co-
administered with modified hyaluronan degrading enzyme, such as a modified

hyaluronidase, can be assessed by measuring such parameters as the maximum (peak)

- chemotherapentic agent concentration (T, the peak time (L.e. when maxomam

chemotherapeutic agent concentration occurs, Ty, the minmmum chemotherapeutic

agent conceniration f e, the mammum concentration berween doses of

chemotherapeutic agent; Cuu), the chimination half-life (Ty) and area under the curve
(i.e. the area under the curve generated by plothing tme versus concentration; ALUC),

foliowing adminisiration. In instances where the chemotherapeutic agent is
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admini tﬁrf—'d subcutaneously, the absolute bicavailability of the agent is determined
by comparing the area under the curve of chemotherapeutic agent following

subcutaneous d.elivery (AUC) with the AUC of chemotherapeutic agent following

intravencus delivery (ATIC,) Absotute bioavailability (F), can be caleulated using
the formula: F={{AUC . » doseg) / ([AUCH » dosey,). The ‘()?;uum atton of

chemnotherapentic agent in the plasma following subcu‘tzm“ous adm nizfration can be
measured using any method known in the art suttable for assessing concentrations of
chemotherapeutic agest in samples of blood.
A range of doses and different dosir 2 fraguency of dosing can be administered
n the pnmnamhrwm studies to assess the effect of incre ,mg or decreasing
concentrations of the co-adminustered agent, such as chemotherapentic agent and/or

modified hyaloronan degrading enzyme (o.g. PEGyiated rHuPHZO) in the dose.

rmacokinetic properties of subcutanecusty administered chemotherapentic

hvaluronidase. For example, dogs, such as beagles, can be adrministered a
chemothsrapestic in combination with modified hyaluronan degrading enzyme, such
as 2 modified hyvaluromidase, or alone, using one or more routes of administration.
Such studies can be performed to assess the 2ffect of co-administration with
hveluromidase on V}h&m’ scokinetic properties, such as bicavailability, of
chemotherapentic sgents

Studies to assess safety and tolerability also are known in the art and can be
used herein. Following administzation of 2 co-admmstered agent, such as a
chemotherapzutic agent, with or without co-sdministration of modified hyaluronan
degrading snzyme, such as 2 modified hyahwronidase, the development of any adverse
reactions can be monitored. Adverse reactions can include, but are not limited to,

~

imjection site reactions, such as ederna or swelling, headache, fever, fatigne, chills,
ﬂushiﬂg, dizziness, urticaria, wheezing or chest tightness, nausea, vomiting, ngors,
back pain, chest pain, muscle cramps, seizures or convalsions, changes in blood
pressure and anaphylactic or severe hypersengitivity responses. Typically, a range of
doses and different dosing %r‘*oumcms are be administeraed in the safety and

tolerability studies to assess the effect of increasing or decreasing concenirations of
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chernotherapeutic agent and/or modified hyaiurondn degrading enzyme {e.g a
modified hyalmﬁmf ase) 1n the dose.

3. Animal models

Animal models of hyaluronan-associated diseases, disorders or conditions can
b utilized to assess the in vivo affect of administrationiof rodifiad hyaluronan
degrading enzymes, such as modified hyaluronidases, with or withouw! co-
adrminisiration of another agent, such as a chemotherapentic agent. Fxemplary
hyaluronsn-associated diseases for which an appropriate animal roodel can be utilized
include solid tumors, for example, late-stape cancers, a meiastatic cancers,
undifferentisted cancers, ovarian cancer, in situ carcinoma (I1SC), SOUAMTIOUS ceii
carcinoma {SCC), prostate cancer, pancraatic cancer, non-stmall cell lung cancer,
breast cancer, colon cancer and other cancers.  Also exemplary of hyaluronan-

associated diseases and disorders are disc pressure, cancer and edema, for exampie,

Animal models can include, but are net imited to, mice, rats, rabbits, dogs,
guines pigs and pon-human primate models, such as cynomoelgus monkeys or rhesus
ma.f*aqum In some exarnples, unmunodeficient mice, such as *mde mice or 3CID
rmice, are transplanted with a famor cell line from 2 hyaiumnawas.%ccxaaed CATICEr 10
petablish an animal model of that cancer. Exemplary cell Unes from hyaluronan-
zssociated cancers inchade, but are not bmited to, PC3 prostate carcinoma cells,
BxPC.3 pancreatic adenocarcinoma cells, MDA -MB-231 breast carcinoma cells,
MCF-7 breast tumor cells, BT474 breast turnor celiz, Tramp C2 prostate tamor cells
end Mat-LvLu prostaie cancer cells, and other cell lines described herein that are
byaluronan associated, ¢.g. contain elevated levels of hyaluronan., Modified
hyvaiuronidase can then be admimstered to the mice to 2ssess the effect on, for
example, hyaluronan levels or content, forrnation or size of halos, interstitial finid
pressure, water conterit and/or vascalar volume. Tn some exarmples, 3
chemotherapeniic 15 co-administered with the modified hyaluronan degrading
enzyrne, such as a modified soluble hyaluromdase, and the effect on, for example,

pharrnacokinetics, fwmor size or morbidity is assessed,
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H. USE OF HYALURONMAN DEGRADING ENZYMES IN TREATING

HYALURONAN-ASSOCIATED CONDITIONS, DISEASES AND

DISGRODERS

The methods described herein include methods for therapeutic uses of
hyaluronan degrading enzymes. The therapeutic uses described below are exemplary
and.do not linit the applications of the methods described herein. '

The provided methods include methods for vse of the hyaluronan-degrading
enzymes to ireat any hyaluronan-associated disease or condition, including, but not
Timited to, hyaluronan-rich cancers, and other diseases associated with hyaluronan,
such as other diszases associated with elevated interstitial fluid pressure, such ag
diseases assoviated with disc pressure, and edema, for example, edema cansed by
organ transplant, stroke, brain traurna or other injury or other edemas and other
hyaluronan associated diseases and conditions.

The hyaluronan-rich cancers include cancers associated with elevated

undifferentiated cancers, such as, but not limited to, ovarian cancer, In siu carcinoma

cell lung cancer, breast cancer, celon cancer, brain cancer and other cancers;,

The therapeutic uees include adounistration of the cornpositions, alons or in
combination with other treatments or agents, for treatment of a hyvaluronan-associated
dizease or condifion, including cancer frestment, reduction in tumor volame,
increased sensitivity to chemotherapy or other cancer treatment, enhancing
bicavailability or delivery of 8 cancer treating or other treating agent, decreasing
inferstitial fluid pressure, increasing vascular volume, decrsasing water content in a
tissue in the subject, and other treatments.

The methods also include selection of subjects for weatment, e.g. prior to
treatment of the subject, for exarple to defermine whether the subject has 2
hyaluronan-associated disease or condition, for exampie, by using a method for
assaying the expression of hyaluronan or associated molecule, for example, using the
methods described in Example 3{a), below, such as determining the expression of HA
compared to a control, such as a control tissae, cell, fhud or other sample, Tor

example, fissues, cellg, fluwids from normal subjects {e.g. subjects withowt a
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hyaluronan-associated diseas se), 2 sample {e.z, cell line) known to express low levels
of hyalurenan, such as exemplary twmor cell lines described herein, for example, the

HCT 116 cell line, the HTZ9 f*v“li ling, the NCI H460 cell line, the D145 cell line,

“the Cepan-1 cell line, and tumors from tumor models generated using such cell lines

gener
(see, .o, Example 17A.

In this example, expression of one or mors markers, for example, hyaluronan,
or HAS2, 1s measured in a s:ﬁmpic—: from the subject and, optionally, corapared to
another sample or 7 standard. Following the measurement, it s determined whether
the disease or condition is; a hysiuronan-associaied disease or condition. in one
exampie, the method further mchudes reatment, for example, administf&tioﬁ of a
soluble hvaluronidase-contaming composition alone or in combination with one or

e

maore other freatments. The methods further inciude assessment of treatment, such &

by measunng the levels of hyaluronan in 2 cell, dssue or fluid of a subject,
i. Hveluronan-asseriated conditions and dissases

.L

Provided herein are methods to7 treating hvaluronan-associated diseases and

conditions by administration of a cornposition containing a hyaluronan degrading

R
enzyme, such as a hyaluronidase, for example, a soluble hyalvronidase, typically a
soluble hyaluronidase that is modified by conjugation to a polymer (for exampls, to

5

increase half-lifs), either alons or in combination with or in addition to another
treatrent and/or agent.

Hyaluronan-associated conditions and disesses are diseases and conditions in
wiich hyahuronan levels are elevated as causs, consegquence or otherwise observed in

the disease or condifion, and can be treated by cmmmmrabon of a composition
conlaining a hyaluronan degrading enzyme, such as a hyaluronidase, for example, 2
soluble hyshiromidase, either alone or in combination with or in addition to another
treatment and/or agent,

Typically, hyaluronan-associated diseases and condifions are agsociated with
glevated hyaluronan oxpression in 2 tissue, cell, or body fhnd (e.g. tumor tissue or
fumor-associated tissue, blood, or interstitial space) compared to a control, e.g.
another tissue, cell or body fluid, The elevaled hyaluron expression can be elevated

compared to a normal tissue, cell or hudv fhuad, § mf erample, & tssus, cell or body
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fhuid that is analogous io the sample being tested, but isolated from a different subject,
such as a subject that is normal {1.e. does not have e disease or condition, or does not
have the type of disease or condition that the subject being tested hag), for example, 2
subject that does not have a hyalaronan-associated disease or condition. The elevated
hyaloronan expression can be elevated cﬁ@mpared to an analogous tissue from another
subject that has a similar disease or condition, but whose disease 1s not as severe
and/or is not hyaluronan-associated or expresses rejatively less hyaluronan and thus is
hyaluronan-associated (o a lesser degree. For example, the subject being tested canbe
a subject with 2 hyaluronan-associated cancer, where the HA. amounts in the tissue,
cell or fluid are relatively elevated compared to a subject having a less severs cancer;
such as an early stage, differentiated or other type of cancer. In another example, the
cell, tissue or fluid contains elevated levels ofhyaluronan compared to a control
sampie, such as & fluid, tissue, extract (e.g. cellular or nuclear extract), mucleic acid or
reptide vronpration cell Hne bhippev dandard or nther semnple. with 2 Ynown amount
or relative amount of HA, such as a sample, for exarople 2 turnor cell lmne, known 1o
crpress relatively low levels of HA, such as exemplary tumor cell lines desoribed
herein that express low levels of HA, for example, the HCT 116 cell line, the HT29
cell line, the NCI H460 cell line, the DU 145 cell line, the Capan-1 cell line, and
tmors from tumor models generated using such cell hnes (see, e.g Example 1740
in some cases, hyaluronan-associated diseases and conditions ars associated
with tnoreased interstifial fuid pressure, decreased vascular volume, and/or increased
waier confent in a tissue, such as 8 fumor. In one example, treatrnent with the
compositions and compounds provided herein ameliorates one or more of these
symptoms or other symptoms associated with the disease or condition, for example,
irmproves survival or quality of Iife of the subject over time, or inhibits tumor growth.
Exemplary hyvaluronan-associsied diseases and conditions that can be treated
using the provided enzymes, compesitions and methods, inchude, but are not himited
to, hyaluronan-rich cancers, for example, wmors, including solid tumors such as late-
stage cancers, a metastatic cancers, undifferentiated cancers, ovarian cancer, in sitn
carcinoma {I50C), sguamous cell carcinorna (3CCY, prostate cancer, pancreatic cancer,

non-amall cell lung cancer, breast cancer, coion cancer and other cancers.
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Also exemplary of hyaluronan-associated diseases and conditions are diseases
that are associated with elevated interstitial fhud pressure, such as diseases associated
with disc pressure, and edema, for example, edema cavsed by organ franspiant, stroke,
brain trauma or other mjury. Exemplary hvaluronan-associated diseases and h
condifions mchude diseases and condifions assaciated with elevated interstitial fluid
pressure, decreased vasoular velume, and/or increased water content in a fissue,
inciuding cancers, disc pressure and séema. In one example, treatment of the
hvaluronan-associated candifion, digease oy disorder mcludes amelioration, reduction,
ot other beneficial effect on one or more of increased interstitial fuid pressure (IFP),
dacreased vasenlar volume, and increased water content in a tigsue,

Typically, the hya §um“zar assouiated disease or condifion s agsociated with
increassd HA expression, for example, 1 a diseased tasue, for example, a tumor. In
one example, HALGs (pericellular matnix regions that are rich in protecglycans,
mncluding E‘zyaiumnan} form in a tissue of the subiect, for example, in 2 diseased
tissue. In another sxampie, te presence of HALOs s detecled n an m vitre culture
of cells from a tiszve of the subject, for example, a diseased tissue.

I one example, the hyaluronan-assoniated condition, dissase or disorder is
associated with increased interstinal fiuid pressure, decreased vascular volume, or
increased water content in a fissue. In one example, treatment of the hyaluronan-
associated condition, dizsease or disorder includes arnelioration, reduction, or other
beneficial effect on one or more of increased interstitial flnid pressure (IFFP),
decreased vascular volurne, and increased water content m 4 tssue,

Cancers, including byaluronan-rich cancers

Hyaluronan plays a role in processes associated with celi motility, including
development, regensralion, repair, embryopgenesis, embryclogical development,
wound healing, angiogenesis, and timorigenesis (Toole 1991 Cell Biol. Extracell,

Matrix, Hay (=d.), Plenum Press, New York, 1284-13806; Berirand et al, 1952 Iat. 1.

Cencer 52:1-6; Knudson et al, 1993 FASER I 7:1233-1241), In addition, hyaluronan

1

levels correlate with turaor aggressiveness (Ozello et all 1960 Cancer Reg. 20:600-

604; Takenohi et al. 1976, Cancer Res, 36:2133-2139; Kimata et al. 1983 Cancer Res.

43:1347-1354%; hyvaluronan promot €5 sever al cancey processes, Incleding, but not

1
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lumited to, turnor growth, survival, metastasis and interstitial fhod pressure,
Exemplary of the hyaluronan-associated diseases and cond itions that can be treated
using the pmvidad compositions containing soluble hyaluronidase and methods are
cancers, parficuiarly hvaluronan-rich cancers, for example, hyaluronan-rich cancers
that are zssociated with elevated interstitial Tluid pressure.

Hyaluronan-associated cancers-ars cancers associated with hyaharonan-
EXPFEssIon, ‘typmzm v elevated hyaluronan expression, which can be determined, for
example, prior to treabment, as described in the sections below

For examnple, the hyaluronan-nich cancer can be & cancer in which the cancer
cells produce HALOs in an in vitro particle exclusion assay, .as described in Example
6.4, cancers that have elevaied expression of hyaluronan (a3 determined by
immunostaining, e.g hstological staimng o1 sections fom the mmo"r) cancers that

have elevated HAS2 (Hyaluronan synthase 2, cancers that do not produce

T biremmidnes (LI AT TY fa wfdrn ao Apterrmimnad fmr oy araele o
PVSRITONAARRT D Y AL IR VLI L L0 VNI, TN AR S,

¥

assay described in Example 2. Hyahwonan-rich cancers can be identified by any

mhgm for assessing hyaluronan expression, for example, assays as provided in
Section 3{z), below, and ofher known methods for assaying protein/mRNA
CRPTESSION.

Several hydhmwl%r! ch cancers have been identified. In some cases,
hvaluronan expression comrelates with poor progunosts, for e':iax'mpie decroased
survival rate and/or recurrence-free survival rafe, metastases, angiopenesis, cancer cell
invasion nio other tissaz:ss/arﬁzzzs> and other indicators of poar pmgmosis. Such

correlation has been observed, for example, in hyaluronan-rich fumors inchuding

ovarzn cancer, SCC, ISC, prostats cances, lung cancer, including non-smali-cell lung

cancer (NSCLC)Y, breast cancer, r, colon cancer and pancreatic cancer (see, for
exampie, Maarit et al., Concer Research, 60:150-155 {2000}, Karvinen st al,, British
Journal of Dermatology, 148:86-94 [2003Y; Lipponen st al,, Eur. Journal of Cancer,

349-856 (2001Y; Pininen et al., Jnt. J Carcer: 95 12-17 (2001); Avvinen ot al,,
American j{;w"ﬁaf of Pathology, 156(23:529-536 (2000}, Ropponen et al., Cancer
Research, 58 342-347 (1898)). Thus, hyalwonan-nich cancers can be treated by

sarmimistration of a hvalironan degrading enzyme, such 25 2 nyaluronidase, 10 treat
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ORE OF MOFE Symptoms of the cancer. Hyaluronan-rich turnors jnohid e, buf are not
timited to, prostate, breast, colon, ovanian, stomach, head and neck and other tumors
and cancers,

For example, hyaluronidase has divect anticarcinosenic effecis when injected
3 o)

5 info tumors. Hyaluronmdase prevents growth of tumors transplanted into mice (DF‘
Maeyer et al, (1992} Int. 1. Cancer 51:657-660) and inhibits tamor 'E"Gmxa._tion 'U'p.on
exposure 1o carcinogens {(Pawlowski of al. (1979} Int. J. Canc er 2310581 {}9).
Hyaluronidase is effective as the sole therapeutic agent in thi,t eatment of brain
cancer fgliomas) (WO 108802261,

10 Thus, provided are enzymes, compasitions and combinations containing

3

hyzaluronan-degrading enzymes, such as modified Joiu ble hyaluronidases, for ‘cmatir;g
cancers, typically hyvaluronan-associated cancers.
2. Uses in treating hyvaslnronan-associated diseases and conditions

o] ired o dhele e dresting ny
Frovigen are matnods oy ireanng n

2o and

et
ki

5 conditions. The methods include admmistration of the compositions, alons or in
combination with other treatments or agents, for treatmnent of 2 hyaluronan-associatec
disease or condition, including cancer (réanment, reduction i tumor volume,
increased sensitivity fo chemotherapy or other cancer treatment, enthancing
"r}ioawil&biiify or delivery of a cancer frealing or other freating agent, decreasing

20

it Fa oy 1 i £y gieer o mmreyFang v di ~
inferstitial fhuid pressure, increasing vascular volume, decreasing water contentin a

tissue in {he sabject, and other treatments.

The methods also include selection of subjects for treatment, e.g. prior to
freatment of the subject, for example o determine whethf:r the subject has &
hyaluronan-associated disease or condition, for example, by vsing a method for

23 assaying the expression of hyaluronan or associated molecule, for example, using the
methods described in Exampie b, below. In this example, expression of one or more
markers, for example, hyaluronan, or HAS2, is measursd in a sample from the subject
and, optionally, compared to another sample or a standard. Following the

rreasurement, it 15 determined whether the disease or condition is a hyaturonan-

30 associated disesse ar condition. In one sxample, the method furtber includes
3
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freatment, for example, administration of a soluble hyaluronidase-containing

composition alone or in combination with one or more other treatments.

Among the provided methods are methods for decreasing interstitial fuid
pressure in a tissue of a subject with a hyaluronan-associated disease or disorder, for
example, 8 hyaluronan-associated cancer, by administration of the compositions
containing the soluble hyaluronidase. 'I”ypibeﬁ&y, the wducmow ofthe [P ig sustained,

for examiple, for 24, 48, or 72 hours. Also provided are methods for increasing
vascular volume in a tissue of the subject by administering the compositions, typically
for sustained decrease of the vascular volume, for example, for at least 24, 48 or 72 or
more hours. Also provided are methods for decreasing water content in a fissue of the

subject using the compositions, where the effects typcally are sustained, for exampie,

for at least 24, 48, or 72 or more hours. Also provided are methods for reducing

hyahuronan expression in the subject using the compositions, for example, to reduce

AT eana
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sustained, for example, for at least 24, 48, 72 or more hours, {ollowing administration.
i Detection of hyaluronan-associated disease maarkers

{seiection of subiects for treatment and assessing treatment effects)
The methods include steps for selecting subjects for treatment with hyalwronan

degrading enzymes and for assessing treatment effects, such as efficacy of treatment,

Such methods inchude methods for defecting hyvahuronan-associated diseas

",LT”']/' e

& m
which include any indication that a subject has 2 hyaluronan-associated disease, that
the subject is likely to respond to treatrnent by hyaluronan degrading enzyme, and/or
thaf a sample from the subject, ur,h as a tissue, cell or flud, contains elevated
hyaluronan expression. Emm’plary asmys for detecting markers are described below,
and includs gssavs for measuring HA &xpressism and/or relative BA expression in a
sample from & subject, assays for analyzing effects of hyaluronan-degrading enzymes
on a samaple from the sub;ecr and assays for measurning readouts typically associated
with certain hyaluronan-associated diseases/conditions, such as low hyaluronidase
expression or activity, high interstitial fhuid pressure, vascutar volume and water

£onic n* Iri meneral, any known assay for detection of profeins or nucleic acids in



10

o)
fo

1

[}
L

3G

samples from subjects, or for assessing thP effects of treatment on cells / tssues in
viro can be used.

Subjects selected for weetment in the methods provided herein include
subjects having elevated, aberrant or accumulated expression of hyaturonan compared
to subjects not having the disease or condition or compared to normal tissues or

samples that do not have elevated, aberrant or accumulated xprassaon of HA. An y

sample or tissve from 2 subject can be tested and compared 10 a normal sample or

58UE, H'ya}ummn levels can be measured from any source such as from a Hssue {e.g.
by biopsy), tumor, cells, or from blood, serum, urine or other body fluids. For
example, as described elsewhere heremn, profiles of HA uepomio 110 solid tumors
have generally been cateporized as pericellular or stromal, Elevated plasma levels of
1A have been observed rnost notably in patients with Wilm’s rumor, mesothelioma
and liver metastases. Thus, depending on the disease or condition, & different sample
can be measured for hvaluronan levels. The choves of sample 12 within the level of
one of skill i the art. _

The assay used to measure hyaluronidage su‘"" rate levels is a fonction of the
disease or condition and can be chosen based on the parbcolar disease or condition.
One of skill in the art is familiar with methods of detecting hvaluronan, which
nelude, but are not limited fo, immunohistochemistry methods, ELISA methods, as
described in section (i) below.

in one exarople, the step for detecting n‘;arke;ts' 1s performed prior to ireating a
subject, for example, {o determing whether the subject has & hya‘mmn an-associated
condition or disease that will be amenable 1o treatment with a hyaluronan-degrading
enzyme. In this example, if the marker is detected (e.g. if it is determined that a cell,
tisse or fluid from the patient contains slevated hyaturonan exprassion or is
IE3PONSIVE {0 hyaiumnan degrading enzyme), a {reatment step is perfomed, where a
hyaluronan-degrading enzyme 15 administered to the subject. In one example, when
the marker is not detected (e.g. 11t 15 determined that 2 cell, tissae or fnid from the
patient contains nowmal or non-elevaied hyaluronan expression or 1s not reaponsive ©

nyaluronan degrading enzyime) another reatiment opiion mav be selacted
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In aniother example, the step for detecting mariers is performed after treating 2
subject, or during the course of treatment of the subject, (e.g. treatment with the
hyalurenan-degrading enzyme (.g. soluble modified hyalwronidase} (with or without
& co-administered agent)), for example, to determine whether the freatment with the
hyaluronan degrading enzyrne is having an effect on treating the disease or condition.
In one such example, the marker is not detected or is detected at an amount or refative
level that is decreased compared to the arnount/level prior to tre: atment, or compared
to another sample, treatment is continued, another round of treatiment is performed, or
another treatment, such as a combination therapy, 1s initiated. In another such
example, i the marker 15 detected at the same level as prior to treatment or another
sample, another treatment opuc;n may be selected.

i A wrww for detection of hvaluronan-associated discase

markers

. « ~
The agonvrg fo Aoband cnowizomn oT
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include assays to measure amount {e.g. relative amount) of hyaluronan and/or
hyaturomdase expression in a tissue, cell and/or hody fiuid of a subject, for exarnple,
a tumor. Included amongst such assays are those that can detect HA expression,
Hyaluronan synthase 2 (HASZ2) expr essmn, the presence of HALOs (periceliviar
matrix regions that are rich In proteogiyveans, including hyaluronan), and the presence
of hyaluronan-degrading enzymes, such as hyaluronidases, for example, in sarnples
from the subject

Assays to detect protein and nucleic acid levels are well known in the art and
can be used in the methods herein to measure hyaluronan, hyaluronan synthase or
other protein and/or nucieic acid expression. Such assays include, but are not Hmited
to, BLISA, SDS-PAGE, Western Blot, PCR, RT-PCR, immmunohistochemistry,

“histology and flow cytometry. For example, a sample from a subject, such as a tissue

sample (e.g. a biopsy of 2 tumor from a patient or animal model, a stromal sample), &
fluid {e.g. blood, urine, plasma, saliva or other sample), 2 cell or cellular sample, or
extract, or other sample, can be stained with anti-HA antibodies, for example, using

histological staining, such as irnrounohistochemstry (JHC) of fixed or frozen tissus

sections, fo determine the presence and exient of hyaluronan in the gssue or sample
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(see, v.g. Example 8.8.2.), or irnmunofiuorescent cellular staining, pull-down assays,
and flow cytometry. In another example, the sample, e.g. blopsy, can be assayed by
RT-PCR to assess the amount of HA ij\IA.

Known methods for detection of hycﬂmondr sXpression in cancer include, but
are not imuied to, the BELISA-like assay described in Lokeshwar et al., Cancer Res.
570773777 (1997, for measuring HA levels in urine or bladder tissue extracts of

]

subjects having vladder cancer. For the assay, urine or extracts are co ated on
miicrowell plates (wmbilical cord HA used as a standard also is coated), followed by
incubation (z.g. 16 hours, room temperature) with a labeled (=g biotinylated) HA

oinding protein, such as those described herein, washed and the HA-binding protein

bound fo the wells guantified using an avidin-bictin detection agent substrate. Such

methods are well known in fhe art. In one example, the urine from a subject with an

HA-sgsociated bladder cancer contained HA levels that were elevated 7-9 fold

other gestrourinary discases or conditions); thus the marker would be detecied if the

o
PRy

HA levels in the urine was elevated compared to normal subjects, e.g. elevated fom

between &b or about 2-fold and at or about 9-fold, e.g. at or about 2, 3,4, 5,67 Bor

oy

2-fold elevation comparsd to normal subiect,

In a further example, hyaluronan expression and production in turmor cells in
vilro can be assessed using any one of the methods mxcmh ed above, Similarly,
Hyaluronan synthase 2 (HAB2) production and/or expression by cells in vitro, ex vivo
or in vive also can be asseyed by, for example, BLISA, SDE-PAGE, Western Blot,
PCR, BT-PCR, mrounchistocherrdsiry, histology or flow cyiometry.

in enother exemple, the amount of hyaluronidase activity in a sample from the
subject is determined, such as in the blood or plasma, for example, as described in
Example 2, such ags with & turbidity assay.

In another example, a cell or other tissue fom a patient is isolated, &g &
tumor cell, and osed in a study to determine whether the cell or tissue is responsive (o
treatment with the hyaluronan degrading enzyrne in virro, for example, using a
clonogenie assay or any other assay for measuring srowih, proliferation and/or

survival of cells or issues, such as tumor cells, in response to freatment. In one
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exémple, a study as deseribed in Example 710, below, by ge @amo cancer cells from &
subject on surface, such as an extracellular matrix or protein mixiure, such as the
mixture sold under the trade name Maingel® (BD Biosciences). In this example, the
hyaloronan-associated marker 1s the sensitivity of the cell or fissue to administration
of hyvaluronan degrading enzyme. In this example, if any property, such as
proliferation, growth or survival of the cells, s inhibited or blocked by addition of
hyahwronan degrading enzyme, it is determnined that the subject may be amenable to
treatment W‘ih‘l Wyeluronan degrading enzyme containing compositions

In addition to assays for determining hyaluronan expression levels, other
assays can be used.to select a subject for freatment, and/or o assess reatment efficacy
and/or durabion. [nterstitial fhud pressure (IFP) can be measured using an appropriate
probe or instrument. For example, 2 ransducer-fipped catheter can be used to measure

the IFP in cancer tissues or other tssues of Interest. The catheler is passed through the

inner bore of a surgical needls, which 15 then inserted into the center of the tumnor. The

4 : Ca T B 20 B wo - T weoo- ]
i S 1 " e gy v p o 5 O o T ] e Bl gt pevnams Wl ga
nesdic 13 withdrawn winie the catheters heid in [areRIintoNes LIYETIEEE ) CED then

be measured using an appropriate data acquisttion unit (see e.g. Example 68,

Ozerdem ef al. (2005) Microvase, Res. 73:116-1200 Cft her methods to measure [FP

inctude the wick-in-nesdle method (Fadnes st al (1977) Microvase, Res. 14:27-36).
Vascular volume can be measured by, for example, ulirasound imaging, such

as degeribed tn Example 10, below. This method emplovs hyper-echoic microbubbles

to provide the strong uitrasound wave refiections that are detected. The microbubbles,

when ingected, such a5 intravenously, into 2 sabject or animal model, become trapped

in the vascular space due to their size. Assays 10 assess tissue waler content, such ag

tamor tissue water content, also are known in the art. For example, samples from a
tamor can be harvested, blotted, weighed and snap Frozen before being lvophilized.
The water weight 15 then reported as the tssue wet weight to dry (Le. lyvophilized)
weight ratio,

The ability of a fumor cell to form pericellular matrices (halos) in vitre can be
assessed using a particle exclusion assay (see e.g. Example 6). Small paﬂizies
(formalin-fixed red blood cells) can be added to low-density cultures of tumor cells in

the presence of, for example, aggrecan, which 15 a large ageresating chondroitin

=)
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sulfate proteoglycan. After the particles settle, the cultures can be viewed at 400x
magnification to determine whether any halos were formed by the tumor cells. Thas
can are visualized as areas around the cells from which the *uamdes are exchuded
ik Detertion of hyaloronan-assccinted markers relative to

control samples

For any of the deif.:cticm mﬁtho.ds, the marker (e.g. HA expression,
rcoponswwc‘ to hiyahwronan degrading enzyme, HA-synthase expression or
hyaluronidase activity) typically is compared (o 2 control sample, such that detection
of the marker typically includes aetermiﬁmg that the readout is elevated or reduced
compared {0 the contro] sample,

For example, the control sample can be another tissne, cell or body fhuid, such

a normal tizzue, cell or body fluid, for example, a tissue
anaiogovs to the sample being tested, but isclated from a different subject, such as a

subject that 18 normal {1.e, does not have a disease or condition, or does not have the
type of disease or condition that the subject being tested has), for example, a subject
that does not have a hyaluronan-associated disease or condifion, or an analosous

sue from another subiect that has a similar disease or condition, but whose disesse
is ot as severe and/or i1s not hyaluronan-associated or expresses relatively legs
hyaluronan and thus is hyaluronan-associated to a lesser degree. For example, when
the cell, Hssue or fiuid being tested is 2 subject having a cancer, it can be compared 1o
a tissue, cell or fluid from a subject having a less severs cancer, such as an sarly stage,
differentiated or other type of cancer. in another example, control sample is 2 fluid,
fissue, extract (e.g. cellular or nuclear extract), nucleic acid or pentide preparation,
cell line, biopsy, standard or other sample, with a known smount or relative amount of
HA, such as a sample, for example a umor cell line, known 10 expreas relatively low
levels of HA, such as exemplary tumor cell lines deseribed erein that express low
levels of HA, for example, the HCT 116 cell line, the HT29 cell line, the NCI H460
cell ling, the DU14S5 cell line, the Capan-1 cell line, and tumors from tumor models
generated using such call lines (see, e.g. Example 17A).

It is understood that the particular change, £.g. increase in or decrease in HA,

is dependent on the assay used. For example, in an ELISA, the fold incrsase o7
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decrease in absorbance at & particular wavelength or in quantity of protein (e.g. as

-determined by-using 2 standard curve) can be expressed relative to a control. Ina

PCR assay, such as RT-PCR, can be compared to confrol expression levels {e.g.
expressed as fold change) using metheds known to those in the art, such as using
standards.

For example, when the amount of hyaluronan in a sarople from a subject is
being tested, detection of the mariver can be determining that the amount of HA inthe
sample (e.g. cancerous cei tissue or fluid) from the subject is elevated compared to 2
control sample, such as a control sample described in the previous paragraph. Tn one
example, the cancer 1§ determined to be a hyaluronan-rich cancer if the amount of HA

n the %iséﬁf:, cell or fluid iz elevated at or about 0.5-fold, 1-fold, 2-fold, 3-fold, 4-fold
S-foid, 6-foid, 7-fold, 8-fold, 9-fold, 10-foid, 11-fold, 12-fold, 13-fold, 14-fold, 15-
fold, ZC}»foid, or more, compared to the con‘ﬂm sarmple, which can be, for example,
but not imited téj a fluid, tssue, extract (e.g. cellular or nuclear exiract), nucleic acd
r peplide preparation, cell iine, biopsy, standard or oiher seraple, with & knuen
amount or relative amount of HA, such as & sample, for example 2 tumor cell lineg,
known to express relatively tow levels of HA, such as exemplary tumor cell lines
described herein that express low Jevels of HA, for example, the HCT 116 call ling,
the HT29 cell line, the NCI H460 cell Iine, the DUL45 cell line, the Capan-1 cell Line,
and turnors from tumer models generated using such cell lines (see, e.g. Example
17A). _

For example, for purposes herein, patients having hyaluronan-rich tumors can
be selected for wreatment with a hyaloronidase alone or in combination with a second
agent. In such examples, the tumor can be directly biopsied and stained for
expression of HA. In oz‘xm examples, a sample, such as a blood or urine sample or
other bodily fluid sample associated wx‘fn the particular umor can be assaved for HA.
The type of assay will vary depending on the tumor-type, although it is conternplated
that more then ene assay can be used to detect HA. References herein to such assays
for particuiar ramors are Tor illastration only. For example, for bladder cancers, urine
samples can be assaved for hyaluronean by standard ELISA procedures. For purposes

erein, subjects that exhibit 1.5-Told, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-
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fold, 9-foid, 10-fold or more HA compared to urine from normal patient controls (see
e.g., Lokesiwar et al, (2000} 1, Urol,, 163:348-56), can be selected. In another
example, tumeor cells can be biopsied and stained for HA, such as by
rmmunchistochemistry {see e.g., Antila et al. (2000) Cancer Resaaﬁ*ch) 601 50-156;
Karvinen et al, (2003) British T of Dermatology, 148:86-84; Lipponen et al. (2001)
Fure J Can. 37: 849-856) Auvinen et al. (2000} American J of Pathology, 136:529; ),
Generally, in such examples, a turnor samiple or famor cell is considered positive for
HA ifany cancer-cell associated HA signal 1s observed. As a negative control for
‘udm ound staining, cells can be predigested with a hyaluronidase to cleave all cell-

associated HA, mels«s also can be compared fo a normal cell or fizcve from the

same subiect, In addifion, in such methods, the level of cell-zssociated hvaluronan
A s ; Y

s

can be scorad as low, moderate or high, For example, HA expression is considered

:

[

figh or moderate if 30%, 35%, 40%, 50%, 60%, 70%, 75%, 80%, 83%, 90% or more
of the tumoral area showed persistent HA signal. Typically, eatment of subjects with
mmoderate to nigh M4 18 contemplated herem.

b Use in tresding cancers

As noted above, hyaluronan plays a role in processes associated with cancer
and hyvaluronan levels correlate with tumor aggressiveness, and various markers for
fumnor aggressivensess and poor pro gnosis. Thus, provided are methods for freating
hwyaluronan-asscoiated cancers with hyaluronan degrading enzymes and compositions
and combinations containing hyahuronan degrading enzymes, including
hyaluromidases, The cancers include hyaluronan-rich cancers and cancers that are
agsociated with elevated interstifial fhoid pressure,

Hyaluronan-asscciated cancers are cancers associated with hyaluronan-
expression, typieally elevated hyaluronan expression. In one example, the sxpression
of hyaluronan is elevated 10 & sampls, e.2. 2 cellular sample, a tissue, tumor stromal,
plasma, blood or other sample, from a subject with the cancer, for exampls, elevated
sxpression compared to a sample from a non-diseased tissue, cell, stroma, plasma,
biood, or other sample, or from a less severe cancer, for example, an zarly stage,
differentiated or other type of cancer. The level of hyaturonan can be determined

rrior o ireating the subiect, for sxample, a3 described above, for example, in
& _ HeCt, : 3 p

Wy
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Section3(a), above, by histological or other known methods for assessing exprassion
of polypeptide or mENA.

In one example, the hyaluronan degrading enzvme {e.g. a hyaloromdase) 18
administered systemically, for example, intravenously (IV), intramuscularly, or by
any another systemic route. I another example, the hyalwronan degrading enzyme
composition 15 adm inistered locally, for example, intra~tumorally.

The methods of trezment include repeated administration of the hyaluronan

degrading enzyme, for example, adrministration hourly, every several hours, thres
tirmes daily, twice daily, once dazly, every other day, every third day, every weel,
evary other week, every third weell, monthly, or other repeated administration, and
also include methods for continnous administration over aperiod of thme.

In one exampie, ireatment of the hvaluronan-associated cancer includes
lowering of Interstitial fluid pressure in a hyaluronan dependent manner, For

grample, intravenous adrministration of a hyaluronan degrading enzymes, such as a

hyeluronidase, parneuiarly acmimstration ol a modined soiuble yaluromd

PEGylated rHuPH20) reduces elevated interstitial fiwid pressure in a hyaluronan-rich
(PC3) but not a hyaluronan deficient (NCI H460) human oaf:.:imma xenografl model
{see Examples ¢ and &-9 below). As shown in the Examples below, inferstitial fluid
pressure correlates with fumor size in a hyaluwronan-rich animal model. Thus,
pI‘D_‘JidEd he 1”1:(1 are methods for treating cancer, e.g. by administering a hyaiuronan
degrading enzyinie, such as a soluble h.ya‘im'onidése { €8/ by systemic adminisiration,
including intravenous administration), typically a polymer-conjugated hyaluronidase,
thereby reducing elevated intersiitial fluid pressurs, in subjects with hyaluronan
assoriated cancers.

Treatment with the hvaluronan degrading enzyme, such 23 a hyaluronidase,
also can include increasing vascular volume and/or decreasing waler content in the
turpor, for examnple, by intravenous administration of the hyalvromdase,

In addition to treatment of the disease with the hyaluronan degrading enzyme
alone, such as 2 hyaluronidase along, the compositions and methods provided herein
alse can be used to treat hyaluronan-sssociated cancers by administration of the

hyaluronan degrading enzyme in combination with, for example, simultaneously or
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prior to, a chemotherapeutic or other anti-cancer agent or treatment. In this example,
the hyaluronan degrading enzyme, such as & hyaluronidase, typically enhances
penetration of chemotherapeutic or other anti-cancer agents into solid fumors, thereby
treating the disease. The hyaluronan degrading enzyme, such as a hyaluronidase, can

be injected in‘tmmmﬂraﬂy with anti-cancer agents or mtravenousty for disseminated

CANCErS OF hc’i)'u to resch fmors.
Anti-Caacer spents and Other Treatments
The anficancer agent can be a chemotherapeutic, an antibody, 2 peptide, or a

gene therapy veotor, virus or DNA. Addiionally, hyeluronan degrading enzymes,
such as a hyvaluronidase, can be used 1o recruit mmor cells into the cyeling pool for
sensitization in previcusly chemerefractory tumors that have acquired multiple drag
resistance (5t Croix st al, (1998} Cancer Lett September 131{1) 35-44), Hyaluronan

deprading enzymes, incloding hyaluromdases, such as, for example, THuPH20

,.F4

can enhance del

ivery of molofmx uch as monoclonal antb odigs, cviokines and other

Exemplary anfi-cancer agenis that can be administered after, coincident with
or before adminisiration of the hyalwronan degrading enzyme, such as a
hyaluronidase, include, but are not limted o Acivicing; Aclarubicing; Acodazoles;
Acronines, Adozelesins; Aldesleuking; Alemtuzumabs; Alitretinoins {(9-Cis-Retinoic
Acads)y; Allopurinols; Altretamines; Alvocidibs; Ambazones; Ambomycins,
,.ﬁxrm:*{an‘ﬁfoms; Amifostinegs; Aminoghutethimides; Amsacrines; Anastic c,'et
Anaxirones; Ancitabines; Anthramycing; Apaziguones; Argimesnas; Arsemc
Trnoxides; Asperaginases; Asperhing; Atrmustines; Azacindines; Azetepas;
Azciomyeing; Banoxantrones; Batabulins; Batimastats; BOG Live; Benaxibines;
Jend arrms‘tmes;' Benzodepas; Bexarotenes; Bevacizumab; Bicalutamides;
Bistaserpines; Biricodars; Bisanirenes; Bisantrenes; Bisnafide Dimesviates,
Bizelesins, Bleomycins; Bortezomibs; Bregunars; Bropirimines; Budotitanes;
Buswifang; Cactinornyeins;, Calusterones; Canertinibs; Capecitabines; Caracemides;
Carbetimers; Carboplanins: Car’zzoquonas; Carmofurs; Carmustings with
Politeprasans, Carmustines; Carubicing; Carzelesing, Cedefingols; Celecoxibs;

Cemadotinsg; Chlorambucils; Cioteronels; Cirolamryeins; Claplating Cladribines;

3
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Clanfenurs; Clofarabines; Crisnatols; Cyciophosphamides; Cytarabine liposomals;
Cytarabines; Dacarbazines; Dactinomyeins; Darbepoetin Alfas; Daunorubicin
hipnsomals; Daunombicins/Damuomvcin:s, Diaunorubicing; Decitabines; Denileukn
Diftitoxes; Dexniguldipines; Dexonnaplating; Dexrazoxenes; Dezaguanines;
Diaziguones; Dibrospidiums; Dienogesis; Dinalins; Disermolides; Docetaxels;
Diofequidars; Doxifluridines; Doxorubicin liposernals; Doxorubicin HCL;
Diocorubicin HCL lipssome injection; Doxorsbicing, Drolemifenss; Dromostenclone
Propionates; Duazomyeing; Bcomustines; Edatrexates; Edotecaring; Eflomithines;
Elacridars; Blinafides; Elliott's B Solubons; Elsamitrucing, Emitefurs; Enloplating,
Enpromates; Enzastaurins; Epipropidines; Epirobicing, Epoetin alfas; Eptaloprosts;
Frbulozoles; Esorubicing; Estramustines; Etenidazoles; Btoghiucids; Bioposide
phosphates; Etoposide VP-16g; Etoposides, Etoprines; Exemestanes; Exisulinds;
Fadrozoles; Fazarabines; Fenrstimdes; Filgrastims; mo‘fmm*rww Fludarabines;
Fluorouracils; S-Ouorouracils; Fluoxymesierones; Flurocitabines; Fosguidones;

S A R SN I o~
arubcins; Galovitabimes,

Gemeitabines; Gemtuoumabs/Ozogamicins, Geroguinols; Gimatecans; Gumneracils;
Gloxazonzs, Glufosfamides; Gosershin acctates; Hydroxyureas;
Ibritumomabs/Tiuxetans, Idarubicing, [fosfamides; Hmofosines; llomastats; Imatinib
mesylates; Imexons; Improsulfans; Indisulams,; Inproquones; Interferon alfa-2asg;
Interferon alfa-2by; Interferon Alfes; Inferferon Betas; Interferon Garmmas;
Interforons; Interlenkin-Zs and other Interleukins (including recombinant
Interlevking); Intoplicines; Iobenguanes [131-1]; )roplwn_, irinotecans; Irsogladines;

Imabepilones; Ketotrexates; L-Alanosines; Lanreotides; Lapatinibs; Ledoxantrones;

Letrozoeles; Deucovoring; Leuprolides; Lenproreling (Lﬁuproreiidt“,, Levamisoeles;

Lexacalcitols; Liarozoles; Lobaplatins, L\}zmi‘"cxoju, Lomustines/CCNUs;
Lornustines; Lonafarnibs; Losoxantrones; Lurtotecans; Mafosfamides; Mannosutfans;

Marimastate; Masoprocols: Maviansines, Mechlorethamines;
Meclorsthamines/Nitrogen mustards, M legestrol acetates; Megesirols; Melengestrols;
Melphalans; MelphalansiL-FPAMs; Menogarils; Mepitiostanes; Mercaptopurines; -
Mecaptopunne, Masnas; Mei smm Methotraxates; Methoxsalens; Metomidatey;

Metoprines; Meturedepas; Miboplating, Miproxifenes; Misonidazoles; Mitindorides;
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Mitocarcing; Mitocromins; Mitoflexones; Mitogilling; Mitogoazones; Mitomalcins,
Miiomycm Ce: Mitomyeins; Mitonafides; Mitoquidenes; Mitospers; Miintanes;
Mitoxantrones; Mitozolomides; Mivobuling; Mmmb;rwq Motarotenes; Mopidamols;
Mﬁbrﬁinibs Ayccmnﬁn lic Acids; -ﬂndr_o}one Phenpropicnates; Nedaplating;
N f;:ﬁz:cwab mes; Nemonibicins: Mitracrines; Nocodazoles, No fettmomabs;,
Mogalamyeing, T‘Jo";ar xeds; Nortoptxantrones; Cetreotides; Oprelvekins;
Ormaplating; Orta’c axels; Oteracils: Oxabiplating; Oxisurans; Oxophenarsines,
Paclitaxels; Pamidronates; Patubilones; Pegademases; Pegaspargases; Peglilgrastims:
Peldesinss; Peliomyems; Pehifrexols; Pernctrexeds; Pentamustines; Pentostatin;
eplomycing 'Ezrfcmfamiciﬁzs; Peri.:?c:sine:_s; Picoplating; Pinafides; Pipobromans;
Fiposulfans; Pirfenidones; Piroxantrones; Pixantrones; Plevitrexeds; Plicamyeid
Mithramyoins; Plicamyeins; Plomestanes; Plomestanes; Porfimer sodiums; Porfimers;

Porfiromyecins; Prednimustines; Procarbazines; Propamidines; Prospidioms;

Puamitepas; Purornycins; Pyrazofuring; Quinacnnes; Fanimustines; Rasburnicases;

o,

oy

i\ufmmmomycms, Sabarubicins; Safingols; Sargramosiime; Satraplating

Simirazenss, Sizotirans; Sobuzozanes; Soralenibs;

Senriplafing Sesmustines

Sparfosates; Sparfosic Acids; Sparsomycins; Spirogermaniums; Splromustines;
Spoplating Spiroplating; Squalamines; Streptorgrins; Streptovarycins,

Streprozocing, Sufosfamides; Sulofenurs; Sunitinid Malate; 6-thioguanine (6-TG);

Tacedinalines; Tales; Talisomycins; Tellimustines; Tamaoxifens; Tanguidars;

oy 1 o )

Tavromustines; Tecogalans; Tegafurs; Teloxantrones; Temoporfing; Temozolomides;
Tenipenides/VM-26s; Teniposides; Toroxirones; Testolactones; Thismipnines;
Thioguanines; Thiotepas; Tiamipnnes, “Tia:mﬁ;rins; Tilomisoles; Thorones
Timeodars, Timonacics; Tivapazamines; Topixanirones, Topotecans; Toremifenes;
Tosttumomans; Trabecteding (Ecteinascidin 743); Trastuzomabs; Trestolones;
Tretinoing/ ATRA; Tricinbines; Trilostanes; Trimetrexates; Triplatin Tetranitrates;
Triptoreling; Trofosfamides; Tubulozoles, Ubenimexs; Uracil Mustards; Uredepas;
Valrbicing, YValspodars; Vapreotides; Verteporfins; Vinblastines; Vincnsines;

Vindesines, Yinepidines; Vinftonmnes; Yinformides, Vinglycinates; Vinleucinols;

Yinleurosines; ‘Ja;n wetbines; Vinrosidines; Vintnpiols, Vinzohdines; Vorozoles;
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Xanthomvein As {Guamecyclines); Zeniplatins; Zilascorbs [2-1]; Zinostatins,

Zoledronate; Zorubicing; and Zosuguidars, for example:

Aldesleukins (e.g. PROLEUKIN®Y; Alemtuzumabs {e.g CAMPATH®);
Alitretinoins (e.g. PANRETIN®Y; Allepurinels (e.g. ZYLOPRIM®); Altretamines
{e.g. HEXALEN®); Amifostines {e.g. ETHY OL@}; Anastrezoles (e.g.
ARIMIDEX®E); Arsenic Trioxides (e.g TRISENOX@); Asparagineses (e.g,
ELSPAR®); BCG Live {e.g TICE® BCG); Bexarotenes (e.g. TARTGRETINGRY,
Bevacizumab (AVASTIN®); Bleomyoms {e.g BLENCXANE®); Busulfan
intravenous (e.g. BUSULFEX®Y, Busulfan orals {e.g. MYLERAN®Y); Calusterones
{e.g. METHOSARB®); Capecitabines {e.g. XELODAE), Carthoplatins (e.g.
PARAPLATINGY: Carmustines {e.g. BCNU®, BiCNU®); Carmustines with
Polifeprosans (e.g. GLIADEL® Wafer); Celecoribs {e.g. CELEBREXN®Y,

Chicrambueils (g

WL ERAN®Y: Cisplatins (e.o. PLATIMOLEDY, Cladribines (e.o.
: LR J,a d [ s =)

LEUSTATING, 2-CdA®); Cyclophospharnides {e.g. CYTOXAN®, NEGSAR®);
Cvtarabines {e.g CYTOSAR-UE); Cylaravine Lposomals (e.g Depolyly;

Dacgrbazines (e.g. TIC-Dome): Daclinomyeins {e.g. COSMEGEM®); Darbepoeiin
Aldfas (e.g. ARANESP®), Da’un@ﬁ:&bi&in tiposoroals (e g, DANUDXOME®R),
Daunorubicins/Daunomyeins (e.g. CERUBIDINE®)Y; Dendleukin Diftitoxes (e.g.
ONTAK®); Dexrazoxanes (e.g. ZINECARD®Y; Diocetaxels (e.g. TAXOTERE®),
Doxorubicins (e.g. ADRIAMYCING, RUBEX®); Doxorubicin liposomals, including
Decorubicin HCL liposome injections {e.g. DOXIL®); Dromostanclone propionates
(¢.g. DROMOSTANCLONE® and MASTERONE® Injection); Elliott's B Solutions
{e.g. Bliintt's B Solution®}; Epirubicins (e.g. ELLENCE®); Epoctin alfus (e.z.
EPOGEN®); Estramustines (e.g. EMEYT®); Etoposide phosphates (e.g.
ETCPOPHOE®), Btoposide VP-10s {e.g. VEPESID®); Exemestanes {e.g.
ARCMASTN®); Filgrastims (. NEUPOGEN®); Floxuridines (2.2, FUDR@};.
Fludarabines {e.z. FLUDARA®Y; Fleorouracils incl. 5-FUs {e.g. ADRUCIL®Y;
.Fui'vestrants {e.5. FASLODEX®); Gemeitabines (e.g. GEMZAR®Y;
G

Gemtuzumabs/Ozogamicing (e.g. MYLOTARG®),

3

oserelin acetates (e.g.
ZOLADEX®Y, Hydroxyureas {e.g. HYDREA®)Y, Ibritumomabs/Tiuxetans (2.2

ZEVALINGY; Idarubicins (e.g. IDAMYCIN®); Ifosfamides (e.g. IFEX®); Imatinib
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wesylates (e.g. GLEEVEC®Y, Interferon alfa-Zas (e.g. ROFERON-A®); Interfero
aifa-2bs {e.g. INTRON A®}; Irinotecans (e.g. CAMPTOSAR®Y; Letrozoles (e.g.
FEMARA®Y; Leucovorins (e.g. WELLCOVORING, LEUCOVORIN®);
Levamisoles (e.g. ERGAMISGL®), Lornustines/ CCNUs (e.g. CeeBU®),
Meclorethamines/Mitrogen nustards (s.g. MUSTARGENR); Megestrol acetates {(e.p.
MEGAF?‘@W Melphalans/L-PAMSs (e.g. ALKERAN®), Mercaptopurine, inchuding
6~mercaptopm‘izies (rSwM'P e.g. PURINETHOL®); Mesnas (e.g. MESNEX®);
Methotrezates, Methoxsalens (e.g. UVADEX®), Mitormyein Cs (2.,
MUTAMYCING, MITOZYTREX®); Mitotanes {e.g. LYSODREN®);
Mitoxantrones (e.g. NOVANTRONE®); Nandrolone Phenpropionates (e.g.
DURABOLIN-50®); Nofetumomabs (e.g. VERLUMA®); Oprelveking (e.g
NEUMEGA®Y, Oxaliplating {e.g. ELOXATINGY; Pachitaxels {e.g. PANENE®,

TAKOL®Y, Pamidronates {e.g. AREDIA®Y; Popademases (e.g, ADAGEN®Y;

PR

Pegaspargases {e.g. ONCASPAR®Y, Peghlgrasiims (e.g NEULASTAR);

i T A A A T i W S i) B
SLTOIGANRS (2.8, verlY ThEy

Plicamvein/Mithramyeing (e.g MITHRACINGY; Porfimer sodivms (e.g.

Ve 4 [y

PHOTO '”T“XI%(,MProaazmzm” {e.g. MATULANE®Y, Quinacrines (&

[res

ATABRINE®RY, Rasburicases (e.g. ELITEK®), Rituxamabs (e.g. RITUXAN®Y,
Sargramostimes {e.z. PROKINE®?, Streptozocins {e.p. ZANOSAR®): Sunitnib
Malates {e.g. SUTENT®); Tales {e.g. SCLEROSOL®); Tamoxifens (e.g.
MNOLVADEX®); Temozolomides (e.g. TEMODAR®); Temposides/VYIM-26s (2.0
VUMOM®): Testolaciones (e.g. TESLAC®); Thioguanines including, S-thicguanine
(6-T0); Thiotepas (e.g. THICPLEX®E); Topotecans (e.g, HY CAMTING);
Toremifenes (e.g FARESTON®Y, Tosttumomabs (e.g. BEXNAR®); Trasturumalbs
{e.g. HERCEPTINGDY; Tretnoins/ATRA {&.g. VESANGID®); Uracil Mustards;
Yalrnpicins {e.g. VALSTAR®), Vinblastines (2.g. VELBAN®); Vincristines (e.z.
OMNCOVIN®) YV inorelbine 25 (e.g. NAVELBINE®Y, and Zoledronates (e.g.
ZOMETA®R).

In one sxample, a hyaluronan degrading enzyme, such as 2 modifisd

hyaluronidase, for example, PEGylated rHuPH20, is administerad to & subject after,

.\

cotncident with or before admunistration of one oy more of docetaxel {z

-
\
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TAXOTERE®), Doxorabicin liposomal (e.g. DOXIL®), Sunitinib Malate (e.g.
SUTENT®?) or Bevactzumab {AVASTING).

Hyalumna-n degrading enzymes, including hyaluronidases, can also be vsed fo
increase the sensitivity of fumors that are resistant to conventional chemotherapy. For
example, hyaluronan degrading enzymes, including hyaluromdases, such as
rHuPH20, can be admumstered o a patient having a fumor associated wifh z HYALL
defect in an amonunt effective to increase diffusion arcund the tumor site (g, to
facilitate circulation and/or copcentrations of chemotherapeutic agents in and around
the fumor site), inhibit tumor cell motility, such as by hyaluronic acid degradation,
and/or to lower the tamor cell apoptoss thmsho]d. This can bring the tumor cell(s) o
& state of anoikis, which renders the tumor cell more susceptible to the action of
chemotherapeutic agents. Admdmustration of a hyaluronan degrading enzyme, such as
a nyaluronidass, can induce rasponsivenﬁ:ss of previously chemotherapy-resistant

tumors of the pancreas, stomach, colon, ovaries, and breast (Baumgartner et al. (1988

S

TS

T et al. (1¥84) Froo, Amer. Assoc. Cancer Kes,

B

273900

i

In one example, hyaluronan degrading enzvmes, in particular, hyaluronidases,
are used 1n the reatment of metastatic and pon-metasiatic cancers, including those
that have decreased endogenous hyaluronidase activity relative (o non-cancernus
cells. Hyaluronan degrading enzyvmes such as hyaluronidases can be used as &
chemotherapeutic agent alone or in combination with other chemotherapeutics.
Exemplary cancers inciude, but are nof Limited to, small hang cell carcinoma,
sguarncus jung cell carcinoma, and cancers of the breagt, ovaries, head and neck, or
any other cancer associated with depressed levels of hyaluronidase activity or
decrzased hyaluronic acid catabolism.

L. se in fresting other disenses associated with elevated interstitial
fluid pressure |

The provided compositions and methods also can be vsed fo treat other
hyaluronan-associated diseases associated with high interstitial fiuid pressure,
imehuding, but not mited fo disc pressure and edema, including edemas caused by

organ {ranspiant, siroke, brain frauma or other conditions described herein.
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3. Use as a spreading agent

In one example, the hyaluronan degrading enzyme, such as a hyvalvronidase,
for example rHuPH20 produced using the methods described herein, is administared
to treat a hyaluronan-associated disease or condition by promoting or enhancmyg the
delivery of agent(s) and/or molecules to any of a vanety of mamumalian tlssues in

vivo., The hvaluronan degrading enzymes, including hyaluronidases can be used to

facilitate the diffusion and, therefore, promote the delivery, of small molscule
pharmacologic agents as well as larger molecule pharmacologic agents, such as

proteins, nucleic acids and ribonucleic acids, and macromoelecular compositions than
can contain a combination of compenents including, bot not limited to, nucleic acids;
proteins, carbohydrates, lipids, Dpid-based molecules and drugs. For example,

moleeules and masromoelecular compiexes ranging from abont 10 num to abowt 500 nm

jan
o]
=
iy
th
(@]
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i
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xhubit drarnatic improvements in delivery through interstitial spaces

¢
@

E/ ..
o

1tial space has been previously, or 13 coincidently, exposed to

5. Pelent Applicancn Mos. Y/795,005, 11/063,716 and

aceutical, erapenbic, treatment and cosmetic agents,
molecules and reatments that can be administered with or following administration of
the hyaluronan degrading enzyme, such as a soluble hyaluronidass, include, but are
not imited to, anesthetics; anti-matabolites, anti-neoplastics, *::hﬁ:msthai‘apeutic& andd
other anti-cancer agents and ant-cancer reatments; anti-virals, anti-infectives,
inciuding anti-bacteriais and other antiviotics, anti-fungals and other anti-infectives;
immumémadulaimy agents; sterordal and non-steroidal anti-inflarnmaiories; beta
biockers; syrnpathomimetics; ducosanoids, prostaglandins and prostaglandin analogs;
miotics, cholinergics and anti-cholinesterases; anti-allergenics and decongestants;
hormonal agents, growth factors; imrmuncsuppressants; vaccines and toxoids; immune
sera; antibodies; analgesic agents, anti-inflamrnatory agents, antirmicrobial agents,
amoehicidal agents, tmhomonouu 3l agents, anti-parkinson’s disease agents, anti-
malarial agents, anticonvulsant agents, anti-depressant agents, antiarthritis agent, anti-

fungal agent, antihvpertensive agent, antipyretic agent, anti-parasitic ageat

anfihistarnine agent, alpha-adrenergic agonist agent, alpha blocker agent, anesthetic
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agent, bronchial dilator agent, biocide agent, bactericide agent, bacteriostatic agent,
beta adrenergic blocker agent, calcium channel blocker agent, cardiovascular drug

azent, contraceptive agent, cosmetic or esthetic agent, decongestant agent, diuratic

agent, depres ant gcm a diagnostic agent, an electrolvte agent, a Lypmt‘ic agent, a
hormone agent, hyperglveemic agent, muscle relaxant agent, muscie contractant

agent, ophthalmic agent, 1 arasympaiihomi'mmm agent, pS‘UCth energizer agent,
sedative agent, sleep inducer, sympathornimetic agent, tranquitizer agent, vrinary
agent, vaginal agent, viricide agent, vitamin agent, non-steroidal anti-infiammeatory
agent, and engiotensin converting enzyme intdbitor agent and combinations thereof
4, Use in hypodermaochys
Hypodermoclysis, the infusion of fluids and slectrolytes into the hypodermis

of the skin, is 2 useful and simple Hyu ration technique sultable for mildly to

iv the elderly. Although considered

. ;
the mast frequent adverse effect is mild

subcwtanecus edema that

5]

given in a 24-hour period at two separate sites. Common infusion sites include the
chest, abdomen, thighs and upper arms. Solutions vsed in hyvpodermoclysis inchude,
for example, normal saling, balf-normal saline, glucess with saline and 5% gincose.

Pota 1

otassium chloride aiso can be aﬂdeﬁ 0 the solution. The addition of one or more
ivaluronan degrading enzymes, such as a hyahuronidase, o the solution can enhance
fiuid absorption and increase the overall rate of administration. Thus, the provided

compositions and methods can be used to treat hypodermociysis by adrministration to

a subject,

5. A f‘{ cation on vifrectorgy and ophthalmic diserders and
nditions
The provided compositions containing hyaluronan degrading enzymes, such as
+ 3 [ER = & y
soluble hyaluronidases, can be used to minimize the detachment or tzaring of the
retina during vitrectomy. Such feanpg can cause, {67 exampie, the vitreous body to
become uncoupled or "disinsermd“ from the reting, prior (o removal of the vitroous
be-:;‘%y Such disinsertion or uns;ounlmff of the vitreous body can minimize the

welihood that further tearing or detachment of the retina will occour

as the vitraous

body is removed.
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The provided hyaluronan degrading enzyme compositions, including
hyaluronidase compositions, and methods can be used for various ophthalmic
applications, inchuding the {*iﬁecéo'my adjunct application described in U.S. Pat, No,
5,292,509, The use of a highly purified hyalurenan degrading enzyme, such as 2

v

hyaluronidase, such as, for t‘:xam’:pif; rHePH20 produced and purified by the methods

1iie

described herein, is preferable for infraocular procedures to minimize immunogenicity

i

anel toxicity. In some exampies, & pegylated hy aluronidase can be used to prolong
residence within the vitreons and prevent localized uptake.
Hyaluronan degrading enzymes, including hyaluronidases, including the
provided compositions c.:on'{aining soluble hvaluronidases, can be used to weat and/or
prevent ophthalmic disorders by, for example, preventing neovascularization and
increasing the rate of clearance from the vitreous of materials toxic to the retina.
Hyaluronan degrading enzymes, inchiding hvaluromidages, can be admimistersd in a

arnount effective i llQ'T.leIV the vitreous humor of

oI dayud
exchange from the vitreal chamber, This increase in exchange removes the
contaminating materials whose presence can cause ophihalmologic and refinal
damage.

"The provided hyaluronan degrading enzyme compositions, inchuding the
hyaluronidase compositions, and methods also can be used to reduce postoperative
Hyaloronic acid has been used in eye primarily as a spacer during cataract
and intrageular lens surgical procedures. It also 15 used in other ocular surgical
procedures such as glaucoma, vitreons and retina surgery and in cormneal
transplantation. A cornmon side effect occurning in posioperative catarast patients is a
significant early, and occasionally prolonged, rise in intraccular pressure. Such a
condifion 1 sometimes serious, especially in patients with glaucomatous optic dise
changes, Hyaluronan degrading enzymes such as hyaluronidases can be co-
administered with hyshurenic acid to the eye prior to $urgery to reduce postoperative

pressure in the eve, For example, a hyaluromidase can be administered in an amount

effective to reduce the intraocular pressute to pre-operative levels by breaking down
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the hyaluronic acid without decreasing its effectiveness during surgery nor causing
side effects in the patient (U.S. Patent No. 6,745,776).

Hyalurenan degrading enzymes such as hyaluromdases also can be
administersd to patients with glaucoma to remove glycosaminoglycans from the
orbicular meshwork and reduce intraccalar pressure, and can be applied to the
vitreous {0 promote the resoiuﬁﬁn of vitreous hemorrhages (i.e. extravasations of
blood mtoe the vitrecus), which can occur in connection with conditions sach as

dizbetic retinopathy, retinal neovascularization, retinal vein occlusion, posterior
vitreous detachment, retinal tears and ocular traumas. The presence of vitreous
hemorrhages, which are typically slow to resolve, can delay, complicate or prevent
procedures that reguire the retina to be visualized through the vitresus for diagnosis
and/or for treatment procedures, sach as, but are not limited to, laser
photocoagulation, which are often primary treatments for conditions such as
proliferative dlabetic retinopat

6. Gene therapy applivations

The efficacy of most gene delivery vehicles in vivo docs not correspond to the
efficacy found observed in vitre. Glycosaminoglyeans can hindaa the ransfier and

diffusion of DMNA and viral vectors into mmany cell types. The levels such extraceliular
matrix material can hinder the process considerably. Administration of hyaluronan
degrading enzymes such as hyaluronidases can open channels in the extracellular
mairix, thus enhancing delivery of gene ‘hwrmy For example, a hyaluronan degrading
enzyme such 85 a hyaMfonidasc can be administered with collagenase to facilitate
transduction of DNA in vive (Dubinsky et al, (1984) Proc Natl Acad Sct USA
81(Z3%:7529-33% tyaluronan degrading enzymes, including hyaluronidases, also can
erthance gene therapy using adeno-associated virus (Favre et al, (2000) Gene Therapy
7(16):1417-20). The channels opened following administration of, for example,
hvaluronidase, are of a size that typicatly enhance diffusion of smaller molecules such

s retrovirases, adenoviruses, adeno-associated viruses and DNA complexes (as well
as other therapeutic and pharmacological agents of interest. The pores are not 5o

large, howewvear, as {o promote the dislocation and movement of cells,
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In some exarnples, virusss can be enginesrad 1o express one or more
hyaluronan degrading enzymes, such as a hyaluronidase, to facilitate their replication
and spread within a target e, The target tissue can be for example, 2 cancerous
tiszue whereby the virus is capable of selective replicptionwithun the tumor. The virus

also can be a non-lviic virus whersin the virus selectively replicates under a fissue

E/‘

pecific prornoter. As the virnses replicate, the co-expression of the hyaluronan
degrading enzyme, such as a hyaluronidase, with viral genes can facilitate the spread
of the virus in vive.

7. Cos

Hyaluronan degrading enzymes, including hyaluronidases, can be
administered to remove glycosaminogiyeans involved in the accumulation of cellulite
and to promote lymphatic flow. In some examples, hyaluronan degrading enzymes,

4

including humean hyaturonideses, such as for example, tHuPH20, are used for the

sreatment of celinlite, The hyaluronen degrading enzyvime, such as a hyaluronidase, can

delivery in the form of ointiments or creams or through the use of injectable slow
release formulations to promote the continual degradation of glycosaminoglycans anc
prevent their returm.

Hyalaronen degrading enzymes, including hyaluromdases also can be used o
treat conditions such as “pigskin” edema or "orange pes!” edema. Hyaluronan
degrading enzymes such as hysluronidases cap effect depolymerization of the long
mucopolysaccharide chains that can accumutate in the dermis and which are
responsible for the retention of bound water and of the slowing, by capiltary
compression, of the diffusion of organic liquids, which eliminate metabolic wastes.
Such retention of water and wastes associated with fat overleading of the lipocyies,
constitutes classical “pigskin” edema or "orange peel” edema. Depolymerization can
cut the fong chains of mucopolysaccharides into shorter chains, resulting in the
elimination of the bound water and wastes and restoration of the venous and
tymphatic ciroulation, culminating in the disappearance of local edema.

E. Use in organ ransplaniaiion
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The content of hyaluronic acid in an organ can increase with inflammation. An
mereased concentration of hyaluronic acid has been observed in tissue from different
organs characterized by inflarmnatory-immmunoelogical injury such as alveolitis
{(Nettelbladt et al. {1991 Am. Rev, Resp. Dis. 139: 756-762) and myocardizl
infwrction (Waldenstrom etal. {1991) I, Clin. Invest, 88(5): 1622-1628). Other
examples wclude allograft rejection after 2 renal {Haellgren et all (1990) J. Exp. Med.
171 2063-2076; Wells et al. (1990) Transplantation 501 240-243), small bowe]
(Wallander e al. (1993) Transplant. Int. 6: 133-137) or cardiac {Hasllgren et al.
(1960) J Clin Invest 185:668-673) transplantation; or a myccardial inflammation of
viral origin (Waldenstrom et al, (1993) Bur. 1. Clin. Invest. 23 27 7-282% The
occurrencs of interstibal edemas in connection with the graifting of an organ
constituies a severe problem in the field of transplantation surgery. Grafts with
interstitial edemas can swell to such 2 degree that the function is temporarily be lost,

In some mstances, the swelling can cause disruption of the kidney, resulting in a

be used to degrade accurnulated glycosaminoglyeans it an organ transplant. Removal

-of such glycosaminoglycans promotes rernoval of water from the graft and thus

enhances organ function.
9, Use in treatment of “i’vemammmﬁgwmﬂ accermuliation in the brain

Hyaluronic acid levels are elevated in a number of cerebrospinal patholog

;o-.

conditions. Levels of cerebrospinal hyaluronic acid are normally less than 200 ug/L in
uits (Lavrent et al. (1996) Acta Newrol Scand Septe amiber 94(3):194-206), but can

clevate to levels of over 8000 ug/L in diseases such as meningitis, spinal stenosis,
head injury and cerebral infarction. Hyahwonan degrading enzymes, including
hyaiuronidases, such as, for example, tHuPH2Z0, can be utilized 1o degrade criticaily
sievated levels of substrate

The lack of effective lyrphatics in the brain also can lead to life threatening
edema following head trauma. Hyalwronic acid accurmulation is a result of increased
synthesis by hyaluronic acid synthases and decreased degradation. Accumulation of
hryaluronic acid can initially serve the beneficial purpose of increasing water content

in the damnaged fissue o facilitate levkocoyte extravasation, but continued
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accummiation can be lothal. Admintstration of a h‘yah}ronan degrading enzyme, such

asa hyaturonidase, such as intrathecally. or intravenousiy, t© a patient suifering from

head freuma can serve 1o rernove tiseus hyelurome acid zccumulation and the water
associafed with it.

Hyaluronan degrading enzymes such as hyahuronidases also can be used in the
trearment of edema associated with brain twmors, particularly that associated with
glioblastoma multiform. The edema associated with brain fumors results from the
accumulation of hyalaronic acid in the non-cancerous portions of the brain adiacent
the tumor. Administration of a hyalaronan degrading enzyme, such as a

hvaluronidase, to the sitss of hvaluronie acid acourmulation (s.g., by Inizavenous
i ¢, . £h:

o

injection of via st} can relieve the edeme associated with such malignancies by

degrading the excess hyaluromic acid af these sites,
LR Use in trestment of glvoosaminoviyean acenmulation in

cardioy:

ireatiment f.)f some cardiovascular disease. Administration of a hyaluronan degrading
enzyme, such as 2 hyaluronidase, in anirnal models following experirmental
myccardial infarct can reduce infarct size (Maciean, ot al (1876) Smence
194(4261):199-200). One proposed mechanism by which this can occur is by
reducing hyaluronic acid scoumulaiion that ceours following 1schemia reperfusion,
Reduction of infarct size is belisved 1 ovcur from increased lymph draipage and
increasad tissue oxygenation and reduction of myocardial water content.

Hyaluronan degrading enzymes, including hyaluronidases, also can be used o
lirnit cortonary plagues from arteniosclerosis. Such plagues aceurnulate
glycosaminoglveans and mediate macrophage and foam cell adhesion (Kolodgie et al.
{2002} Arterioscler Thromb Vasc Biol 22(10):1642-

i Use in pulmoenary disense

Levels of hyaluronic acid in bronchenalveolar lavages (BAL) from normal
individuvals are generally below 15 r*t,/mh However, hyalvronic acid levels in BAL
rise dramaticallv in conditions of respiratory distress {Bjermer et al.(1887) Br Med ]

{Clhin Res d} 295(66021:803-6). The woreased hyaluronic acid in the lung can
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prevent oxyzen ditfusion and gas exchange as well as activating m,ut“nphﬂ and
macrophage responses. Purified preparations of hyaluronan degrading enzymes, such
25, fo-r example, rHuPH20, such as those '-ﬂf()-"UC d using the methods provided heren,
can be delvered by either pulmonary or intravenous delivery to patients presenting
with such conditions io reduce hyaluronan levels. Hyaluronan degrading enzyrmes,
‘?ncludmu hyvaluronidases, also can be administered to patients suffering from other
pulmonary complications that are associated with elevated glycosaminoglycans or o

enhance the delivery of other co delivered molecules to the lung,

In further exarnples of its therapeatic use, hyahuronan degrading enzymes such
a5 hyvaluronidases can be used for guch purposes as an antidole to local necrosis from
paravenous injection of necrotic substances such as vinka alka s {Few et al. (1987}
Amer. 1 Matermn. ©

(1997} ¥ Hand Surg. 2

noy {
including hyaluronidases, alse can be used to treat ganglion cysts {also known asa
wrist cyst, Bible cyst, or dorsal tendon cvst), which are the most common soft fissoe

mazass of the hand and are fiuid filled sacs that can be felt below the sian.
Hyaluronan degrading enzyraes such as hyaluronidases can be used in the
treatment of spinal cord injury by degrading chondroitin sulfate proteoglyeans

{CSPGs). Foliowing spinal cord injury, glial scars containing C3P0s are produced by

astrocytes. C8PGs play 8 crucial role in the inhibition of axon growth. In addition,
the expression of CSPG bas been shown to increase following njury of the central
nervous system (CNS). Hyaluronan degrading enzymes also can be utilized for the
treatment of herniated disks in 2 procsss known as chemonucleolysis. Chondroitinase
ABC, an enzyme clesving similar substrates as hyaluronidase, can induce the
1‘3&&&&%1‘) of intradiscal pressure in the lombar spine. There are three types of disk
sjuries. A protraded disk is one that is intact but bulging. In an extruded disk, the
fibrons wrapper has torn and the nuciens pulposus (NP) has cozed out, but is stll

connected to the disk. In a sequestered disk, & fragment of the NP bas broken loose
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from the disk and 15 free in the spinal canal. Chemonucleolysis 1s typically effective
on protruded and extraded disks, but not on sequestered disk injuries. |
I, EKA.E%’JZF’LES

The following examples are included for Hhostrative purposes only and are not
intended fo lirnit the scope of the invention.

Er;am;ﬁ%ﬁ i
Generation of 2 soluble rHuPH 20-expressing cell Hine

The HZ24 plasmid (set forth i SEQ ID NO:52) was used to ransfect Chiness
Hams ster Ovary ({CHO cells) (see e.g. apg:ﬁécatiozn Mg, 10,795,085, 11/065,716 and
P1/238,171). The HZ24 plagimd veclor Tor expression of schuble rHuPH20 contains a
pCl vector backbone (Promegaj, DNA encoding amino acids 1-482 of fuyman PH20
hyaluronidase (SEQ ID NC:49), ap internal tibosornal eniry site (IRES) from the

LCMYV virus (C 3011*.3':1&) 4 the mouse diydrofolate reductagse (DHFR)

arma Th
FETIC. 10

fTCJ

Y

pCl vector Dac}”mwe also includes DNA encoding the Beta-lactamase resis stance gens

a Lylomeralovirg wimediate-carty

enhancer/promoter region (CMV), a chimeric infron, and an 3V40 late

5T

polvadenylation signal (SV40). The ?“NA encoding the soiuble tHuPH20 congtruct
containg an Nhel site and 2 Kozek consensus seqhence prior <o the DNA encoding the
methioning at amine acid posifion [ of the native 35 amino acid signal sequence of
human PH20, and a stop codon following the DNA encoding the tyrosine
corresponding to amino acid position 482 of the human PH20 hvaluronidase set forth
in SEQ ID NOC:1), followed by a BamHI resiniction sita. The construct pCI-PHZ0-
IRES-DHFR-8Y40pa (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

i

10 MO:3) and amino acids 1-186 of mouse dihvdrofolate reductase (set forth in SEQ
1D NO:53), separated by the internal nbosomal entry site (IRES).

Mon-transfected DG44 CHO cells growing in GIBCO Modified CD-CHO
mediz for DHFR(-) cells, suppis mamf‘ﬂ with 4 mM Glutamine and 18 ml/L Pluriomic

Fo8/L (Gmco ), were seeded at 0.3 % 10° celle/mi in 2 shaker flask in preparation for

s

ransfection. Cells were grown at 37° Cin 5% CO; in a humidified incubator, shaking

at 120 rpm. Exponentially growing non-transfected DGA4 CHO cells > tested for
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viability prior to transfection.

Sixty million viable cells of the non-transfected DG44 CHO cell cultore were
pelleted and resuspended to a density of 2 x107 cells in 0.7 mL of 2x fransfection
buffer (2% HeBS: 40 mM Hepes, pH 7.0, 274 mM NaCl, 10 mM KC, 1.4 mM
NagHP Oy, 12 mM dextrose). To sach aliquot of resuspended cells, 0.09 mL (250 pg)
of the hnear H724 plasmid (ineanized by overnight digestion with Cla I (New
England Biclabs) was added, and the cell/DNA solutions were transferred into 0.4 cm
gap BTX (Gentronics) electroporation cuveties at reom temperature. A negative
control electroporation was performed with no plasmid TNA mixed with the cells.
The cell/plasmid mixes were electroporated with a capacitor discharge of 330 V and
960 pF or at 350 'V and 960 pF.

The cells were removed from the cuy ettes after slectroporation and fransferred
mto 5 ml of Modified CD-CHO mediz for DHFR(-) cells, supplemented with 4 mM

Glotamine and 18 mi/L Plurionic FO8/L (Gibeo), and allowed o grow in a well of a 6-

well nssue culters plate withowr seiecton {or Z days at 37° Cin 3% COyina
humidified incubator.
Two days post-electroporation, 0.5 mL of tissue culture medis was removead

from each well and tested for the presence of hyaluronidass activity, using the

microturbidity assay deseribed in Example 2,

Table 3: Inmifial Hyalurenidase Activity of
HZ24 Transfected BG44 CHO cells at zm hours
post-transisetion

Dilution Activity

Units/mi

Transfection 1 | 1 to 10 0.25
330V
Transfection 2 | 110 10 0.52
350V
MNegative 110 10 0.015
Control

Celis from Tramsi’ection Z (350V) were collected from the tissue culture well,
4., . R . - s
counted and diluted to 1 x10% to 2 x10" viable cells perml. A G.1 mL aliguot of the

cell suspension was transferred to sach well of five, 96 well round botiom tissue
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culturs plates. One hundred microliters of CD-CHG media (GIBCO) containing 4
i GlutaMAK™.-1 supplement (GIBCO™, Invitrogen Corporation) and without
hiypoxanthine and thymidine sﬁp'piemants were added to the wells contaiming cells
{final volume 0.2 mL).

Ten clones were identified from the 5 plates grown withont methotrezate.

Toble 4. Hyaluronidase activity of identified clones

Plate/Well TD R elative
Hyaluronidase

13 261
| 2C2 261
| 303 263

3B | 243

326 174

2GE 163

1B |
P 4010 302

Six HZ24 clones were mpmded i cultare and transferred into shaker fasks
as single coll suspensions. Clopes 3003, 3ES, 2G8, 2D9, 1£11, and 4010 were plated
into 96-well round bottor fissue culre 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 mpliaﬁ tand well. Dilutad clones were grown n a
backgronnd of 500 non-transfected DG44 CHO cells per well, 10 provide necessary
orowth factors for the initial days in culture. Ten plates were made per subclone, with
5 plates containing 50 nM methotrexate and 5 pl ates without methotraxate,

Clone 3D3 produced 24 visual subclones (13 from the no methotrexate
treatment, and 11 from the 50 oM methotrexate treatinent. Significant hyaluronidase
sotivity was measured in the supematants from § of the 24 subdlones (550 Units/mL),
and (hese § subclones were expanded into T-25 tissue culture flasks. Clones isolated
from the methotrexate treatment protocot wers expzided in the presence of 30 nM

methotrexate. Clone 3350 was further expanded in 500 nM methotrexate giving
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rise to clones producing in excess of 1,000 Units/ml in shaker flasks (clone 3D35M;
or Genl 3D35M). A master cell bank (MCB) of the 3D35M cells-was then prepared.
Erample 2.
Determination of hyaluronidase activity of solubie rHuPH2E

Hyaluronidase activity of soluble tHuPH20 in samples such as cell cultures,
purification fractions and purified soiutions was determined using a furbidimetric
agsay, which bazed on the formation of an inscluble precipitate when hyeluronic acid
binds with serum albumin. The activity is measured by incubating soluble rHuPH20
with sodivm hyaluronate (hyaluronie acid) for a set penod of time (10 minutes) and
hen precipitating the undigested sodium hyaluronate with the addition 01’:‘ acidified
serum albumin, The turbidity of the resulting sample is measured at 640 nm afier a 30
minute development period. The decrease in aubidity resulting from enzyme activity
cn the sodivm hyaluronate substrate 192 measure of the spluble tHu

hyaluronidese activity. The met

MU SATERIE
activity mwa%urcmﬁmx are made relative to (s calibration curve. Dilutions of the
sample were prepared in Enzyme Diluent Solutions. The Bnzyme Diluent Solution

was prepared by dissolving 33.0 & 0.05 mg of hydrolyzed
gelatin in 25.0 bl of the 50 mM PIPES Reaction Buffer (140 mbd NaCl, 50 mM

PES, pH 5.5) and 25.0 mL of SWF], and diluting 0.2 mL of 25% Buminate solution
mito the mixture and vortexing for 30 seconds. This was performed within 2 hourg of
nse and stored on ice until needed. The samples were diiuied to an estimated 1-2
Ufmd. Ge-nemll}?, the maximum dilution per siep did not exceed 1:100 and the initial
sample size for the first dilution was not be less than 20 pL. The minimum semple
volumes needed to perform the assay were: In-process Bampies, FPLC Fractions: 80
pl; Tissue Culture Supernatants:] mi; Concentrated Material 80 pL; Purified or
Final Step Material: 80 wl. The dilutions were made 1n triplicate in a Low Profein
Binding 96~we§} plate, and 30 pL of each dilution was ransferred to Optilux
black/clear bottom plates (BD BioSciences).

Dilutions of known sohabie rHuPH20 with a concentration of 2.5 U/mL were

prepared in Enzyme Dituent Solation to generate a standard curve and added (o the
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Optilux plate in triplicate. The dilutions included O U/ml, 0.25 U/, 0.5 U/ml., 1.0
La/mL, 1.5 UfmL, 2.0 U/mlL, and 2.5 U/mL. “Reagent blank” wells that contained 60
ol 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. Ths cover
5 wasremoved and the plate was shaken for 10 secornds. After shaking, the plate was

.

retirned fo the plate to the heat U,od{ and the MULTIDROP 384 Liouid Handling

&

Device was primed with the warm 0.25 mg/mL sodivm hyahronate solution
{orepared by dissolving 100 mg of sodimm hyaluronaie {LifeCore Biomedical) in 20.0

mL of SWFIL This was mixed by gently rotating and/or rocking at 2-5°C for 2-4
10 hours, or until completely dissolved), The reaction plate was transferred 1o the

MULTIDROP 384 and the reaction was nitiated by pressing the start key to dispense

t=]

30 ul sodivmn hyaluronate into each well. The plate was then removed from the

MULTIDROP 384 and sheken for 10 seconds before being transferred 1o a heat block

with the 1 The plate was incubated at 37 °C for 10 rainutes

D S S
Ve {hdy iJi ui"‘ [SR I \_‘,\I,-,_J"L} LAl I

machine with Serum Working Solution and C,,I;laﬂf%. 1z the velume setfing to 240 L.
{25 mL of Serum Stock Solution [1 vohurne of Horse Serum (Sigme) was difuted with
& yolumes of 500 M Acetate Bufler Sclunon and the pH was adjusted to 3.1 with
hydrochloric acid] in 75 mb of 500 mM Acetate Buffer Sotution). The plate was

20 removed from the heat block and placed onto the MULTIDROP 384 and 240 pl of
serum Working Solutions was dispensed 1nto the wells, The plate was removed and
shaken on 2 plate reader for 30 seconds. After a further 15 minutes, the turbidity of
the samples was measurad at 640 nm and the hysluronidese activity {in U/ml) of each
sample was determined by fitting to the standard curve,

25 Specific activity (Unis/myg) was calculated by dividing the byaluronidase
activity (U/ml) by the protein concentration {mg/ml).

Exnmple 3

Progucton and Purilication of Genl Baman sPHZ0

A % 1. Biprsactor Process
30 A vial of 30350 was thawed snd expanded Fom shaker flagks theough 1L

1t [ aRN

spinner Hasks in CO-CHO meadia (Invitrogen, Carisbad Calif) supplemented with 100
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oM Methotrexate and GlutaMAZX™-1 {Invittogen). Cells were transferred from

- spimner flasks to a 5 L bioreactor (Braun) at an inoculation density of 4 %10° viable

cells per mi. Parameters were temperature setpoint 37°C, pH 7.2 {starting sefpoint),
with Dissolved Oxygen setpoint 25% and an air ovexlay of 0-100 cofmin. At 168 hrs,
250 ol of Feed #1 Medium (CD CHO with 50 g/I. Glucose) was added. At 218 hours,
250 mi of Feed #2 Medium (I CHO with 50 g/L Glucese and 10 mM Sodium
Rutyraie) was added, and at 264 hours 250 1] of Feed #2 Medium was added. This
orucess resulted in a final productivity of 1600 Units per mi with a maximal cell
lensity of 6 x10° cells/ml, The addition of sodium bu.twate wag to dramatically
enhance the production of soluble tHuPH2Z0 m the final stages of proﬁuc, 101

Conditioned media from the 3D35M clone was clarified by depth filtration
and tangential flow diafiliration info 10 ynd Hepes pH 7.0, Soluble riuPHZ0 was
then purified by sequentia! chrornatography on  Sepharose (Pbarmacia} 10n

e, Phenvi Sepnarose (Pharmaciz) hydrophobic interaction chromatography,

VOARDEES SO

Scluble H2O bound to G 5 ose and ehuted at 400 wmdA Nall 1a the
sarne buffar. The sluate wag diluted with Z2M amnmoniuwn sulfate to a final
concentration of 300 mM ammonivm sulfate and passed through a Phenyl Sepharose
(low sub) column, foliowed by binding under the same conditions to a phenyl
Soronate resin. The soluble rHuPH2Z0 was eluted from the phenyl sepharose resin in
Hepes pH 6.9 after washing at pH 9.0 1 50 mM bicine withoot ammonivm sulfate. -
The eluate was toaded onto a ceramic hydroxyepatite resin at pH 6.9 in 5 mM
potassium phosphate and 1 mM CaCly and eluted with 80 mM potassium phosphate,
pif 7.4 with 0.1 s CaCls.

The resultant purified sohizb‘i rHuPH20 possessed a specific activity in exoess
of 65,000 USP Units/mg protein by way of the microturbidity assay (Example 2)
usmw the USP reference standard, In one example, the specific activity of the native
rHaPH2D was around 120,000 Umis/mg, while PECGylated rEuPH20 {as described in

Example 7, below

i

has a specific activity of about 30,000 Units/mg. Purified sPH20

~

ehiuted as 2 single peak fom 24 10 26 minntes from 2 Pharmacia SRPC styrene



divinylbenzene column with a gradient between 0.1% TFA/THO and 0.1% TFA/Q0%
acetonitrile/10% M0 and resolved as a single broad 61 kDa band by SDS
electrophoresis that reduced to 2 S,harp 31 kDa band upon treatment with PNCGASE-F.
N-terminal amino acid sequencing revealed that the leader peptide had been

5 efficiently removed.

E. Upstream Cell Culture Expansion Process into 100 L Bloresctor

Cell Caolture
A scaled-up process was used o separately purify soluble rHuPH20 from four

ditferent vials of 3D35M cell to produce 4 separate batches of sFaPH20; U AD4060C,
10 HUAD4I0C, HUAC415C and HUAD420C. Fach vial was separately expanded and

cultured through e 125 L bioreactar, then purtfied using column ch;‘omat@graphy.

samples wers taken throughout the process fe assess such parameters as enzyme

yield. The descriptiotrof the process provided below sets forth represenfative

specifications for such things as bioreacior starting and feed media volumes, transfer

1™

13 call dengities and wash and elution valus The sxact numbers vary slightly with

sach batch, and are detatled 1 Tables 10 to 11,

Four vials of 3D35M cells were thawed in a 37°C water bath, CD CHO
coptaining 100 nM methotrexate and 40 mL/L GlutaMA X was added and the cells
were centrifuged. The cells were e-suspended 1o a 125 mL shake flask with 20 mL

L

20 of fresh media and placed in 2 37°C, 7% COy incubator. The cells were expanded up

[V

e

o 40 mL in the 125 mL shake fiask. When the cel] density reached 1.5 - 2.5 x 1¢°
cells/mL, the culture was expanded into & 125 mL spinner flaskin a 160 mL culture
volume. The flask was incubated at 37°C, 7% CO, When the cell density reached

P

1.5 —2.5 % 10° cells/mL, the culture was expanded inio a 250 mlL spinner Hask in 200

3

25 mL cuiture volume, and the flask was incubated at 37°C, 7% CO, When the cell
density reached 1.5-2.5% 10° cells/mL, the culture was expanded o a 1 L spinner

flask i B00 mb culture volume and incabated at 37°C, 7% CO, When the cell

density sﬁﬂ(‘ﬂ'c‘d 1.5 % 10° cells/ml., the culture was expanded into a L spinner
flask n 5 L culture VO]E}H}P and incubated at 37°C, 7% COy. When the cell density
34 sached 1.5 — 2.5 x 107 cells/mL, the culture was sspanded into 2 36 L spinner flask

20 L culture volume and incubated at 37°C, 7% COy.
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A. 125 L. reactor was sterilized with steam at 121°C, 20 PSI apd 651 of CD
CHG media was added. Before use, the reactor was checked for contamination.
When the cell density in the 36 L .:p'ﬂ‘ﬂ’iﬁf ﬂagks reached 1.8 -2.5 x 10° cells/mL, 20 L
cell culture were transferred from the 361 spinner flasks to the 125 L bioreactor
(Braun), resulting a final volume of 85 L and a seeding density of approximately 4 x
g ccm/mb Parameters were femperature set point, 37°C; pH: 7.2; Dissolved
oxygen: 25% = 10%; Impeller Speed 50 rpm; Vessel Pressure 3 psi; Air Sparge 1 L/
TN, Aldr OV@T ay: | L/min. The reactor was sampled daily for cell counts, pil
verification, media analysis, pm‘rein production and retention. Wutrient foeds were
added during the run. At Day 6, 3.4 L of Fead #1 Medium (CD CHO + 50 g/l
(Glocose + 40 m1/L GlutaM AKX ™-1) was added, and cuiture temperature was -
changed to 30.5°C, Atday 9, 2.5 L of Feed #2 (CD CHO + 50 g/l Glucose -+ 40
/L GlutahAX ™M + 1.1 /L Sodium Butyrate} wes added, and culture

36°C. Atday 11, 3.7 L of Feed #5 (CD "HO +50 g/l

culture temperature was changed to 35.5%C. The reactor was harvesied at 14 days or
when the viabiiity of the cells dropped below 50%. The orocess resulied in
production of soluble FHUPH20 with an enzymatic activity of 1600 Units/md with a
maximal cell density of & million cells/mL. At harvest, the culture was sampled {or
myooplasma, bioburden, e:'sdomxim, and virus in vitro and in viveo, transmission
electron microscopy (TEM) for viral particles, and enzyme activity,

The one hundred liter bioreactor cell culture harvest was filtered throu oh a
series of disposable capsule filters having a polyethersulfone medium {Sartorius): first
through a 8.0 urm depth capsule, a C.65 jum depth capsule, 2 0.22 wim capsule, and
finally through a 0.22 um Sartopore 2000 om” filter and into a 100 L sterile stor age
bag. The culture was concentrated 10% using two TFF with Spiral Polyethersulfons
36 kDa MW CO filters (Millipore) , followed by & 6% buffer exchange with 10 mM
HEPES, 25 mM Nay80s, pH 7.0 into 2022 um fnal filter into a 20 L sterile storage
bag. Table 5 pmvidés monitoring data retated o the cell colture, harvest,

conconiration and buffer exchange steps
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Table 3, Mamtermq dats for cel] culture, harvest, concentration and

bufier exchange steps.

[ Parameter HUAMDSC | HUAGMOTIC | HUAGAISC | HUADAZC
Time from thaw to moeculats ’1{}0 21 i9 17 18
L bioreactor {days)
100 L inocuilation density (x of’ 0.43 0.33 0.44 048
cells/mL)
Diyubling time in logarithrmic 29.8 P 27.3 282 23.5
growth (hr)

[ Max, cell density (x 10° 3.65 2.70 65.07 9.70
cells/mi) :
Harvest viability (%) 41 48 4] 41
Harvest titer (Uiml) T 1964 167 091 13319

| Time in 100-L biorgactor (days) 3 e (12 13

Clarified harvest volume (ml.) 81800 83300 91800 89100

Clarified harvest enzyme assay 2385 1768 1039 1425
(UJ/mL)
Concentrate epzyme asgay 22954 17081 8561 P 1T7ES
(UfmlL) L -
Buffer exchanged concentrate 15829 11649 9915 8679

enzyme assay (U/ml)

conceniraie N §85ay ( Uil
Snzy

\

)
Buffer exchanged concentrate ] 10699 13578 12727 20500
volume{mL) i ]
Ratio enzyrme units 0.87 0.96 1.32 1.4
concentration/harvest

A () Bepharose (Pharrnacia) ion exchange column (3 L resin, Height = 20 em
Diameter = 14 oy was prepared. Wash samples were collected for a determs
of pH, conductivity and endotoxin (LALY assay. The column was equitibrated with 5
cotumn velumes of 10 M Tris, 20 mM Na,804, pH 7.5. The concentrated, |
diafiltered harvest was loaded onto the Q column at a flow rate of 100 cm/hz. The
colurnn was washed with § coluron volumes of 10 mM Tris, 20 i M504, p 7.5
and 10 mM Hepes, 50 mM NaCl, pE 7.0, The protein was eluted with 10 mM Hepes,
400 mi NaCl, pH 7.0 and filiered through 2 0.22 um final filter into = sterile bag.

Phenyi-Sephaross (Pharmaciaj nydrophobic interaction chromatography was
next performed. A Phenyl-Sepharose (P35) column (9.1 L resin, Height = 29 cm,
Drameter = Z0cm) was prepared. The cobumn was equilibrated with 5 column
volumes of 3 mM potassivm phosphate, 0.5 M ammonium sulfate, 0.1 m CaCly, pH

7.0. The protein eluate from above wes supplemented with 2M ammonium sulfaie, |
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M potassivm phosphate and 1 M CaCly stock solutions to final concentrations of 5
mM, 0.5 M and 0.1 mM, respectively. The protein was loaded onto the PS cohumn at
a flow rate of 100 cm/bir. 5 mM potassiurn phosphate, 0.5 M ammonium sulfate and
0.1 mM CaCly pH 7.0 was added at 100 coov/hr. The flow through was passed through
a 0.22 pm final filter into a stenle bag,

The PS-purified protein was the loaded onto an aminephenyl boronate column
(ProMedics) (6.3 L resin, Height = 20 cox, Diameter = 20cm) that had bee
equilibrated with 5 column volumes of 5 mM potassium phosphate, 0.5 M ammoninT
sulfate. The protein was passed through the column at a flow rate of 100 cm/hir, and
the column was washed with 5 mM potassium phosphate, .5 M ammoniurm sulfate,
pH 7.0. The column was then washed with 20 mM bicine, 100 mM NaCl, pH 9.0 and
the protein ehuted with 50 mM Hepes, 100 mM NaCl pH 6.9 through a sterile filter

oo

and into a 20 L steriie bag. The eluate was fested for bioburden, protein concentration

and enryme activity.

A hydroxyapatits (HAP) column {BroKad) {1.0 L rean, Haght = 10 amn,
Driameter = 14 cm) was squitibrated with 5 mM potassivm phosphate, 100 mM NaCl,

P CaCls pH 7.0, Wash samples were collected and tested for pH, conductivity
and endotoxan (AL assay. The aminophenyl boronate purified profein was
supplernented with potassium phosphate and CaCls to yzvﬁlﬁ final concentrations of 5
M potassium phosphate and 0.1 mM CaCly and loaded onto the HAP column ata
flow rate of 100 cm/hir. The column was washed with 5 mM potassivm phosphate
pH 7.0, 100 mM NaCl, 0.1 mM CaCly, then 10 mM potassium phosphate pH 7.0, 100
mb NaCl, 0.1 mM CaCly pH. The protein was eluted with 70 mM potassiom
phosphate pH 7.0 and filtered through & 0.22 pm filter into & 5 L sterile storage bag.
The eluate was tested for bicburden, protemn concentration and enzyme activity.

The HAP-purified protein was then pumped through 2 20 oM viral removal
filter via a pressure tank. The protein was ‘added to the DV20 pressure tank and {iter
{Pall Corporation}, passing through an Ultipor DV20 Filter with 20 nm pores {Pall
Corporation) into a stenle 20 L storage bag. The filirate was tested for protein
concentration, enzyme activity, oligosaccharide, monosaccharide and sialic acid

profiling, and provess-related impurities. The protein in the filtrate was then
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concentrated 1o ) mg/mL F(WMWCO) Sartocon

Shice tangential flow filtration (TFF) system (Sartorius). The filler wa

using a 10 kD molecnlar weight cut off

. s first prepared
by was hing with a Hepes/saline solution (10 mb Hepes, 130 mM NeZl, pH 7.6) and
the permeate was sampled for pH and conductivity, Following concentration, the

5 concentrated protein was sampled and lested for protein concentration and enzyme

activity. A 6 buffer exchange was performed on the concentrated orotein into the
< 10 mM

final buffer lepes, 130 mM NalCl, pH 7.0, The concentrated profein was

passed though a 0.22 pm Olter into a 20 L stenle storage bag, The protein was

sarnpled and tested for protein concentr ation, enzyme activity, free sulfhydrvl groups,

10 oligosa

ceharide profiling and osmolarity.

Tables 5 to 11 provide monitoring data related to each of the purification steps

o

described above, fo

each 3D35M ¢ell |

i | BUAD fsmc i
TLoad Volume/Resin 31 7.3 )
Yolume ratio
Columm Volomes (ml) 2770 3840 2850 2880
Fluate volume (ml.) 6108 5973 5759 628
Protein Cond. of Eluate 2.3 208 2.80 2.86
{rmg/ m'i,)
Eluate Enzyme Assay 24493 26683 18321 21052
(Ui .
Enzyme Yield (%) 55 | 167 g7 74 o
15 Table7. Ph Bepharese column data
Parameier HUAG406C | HUADAIOC | HUADAISC | | HUADAZIC
Yolume Befors Stock 5670 515 5694
Solubon Addition {ml)
Load Volume (ml) 755w G693 7631 2360
Colurmn Volume {mi) Q106 942G 2340 2425
Load Volume/Besin 0.8 0.71 0.82 0.89
Volurae ratio
Eluate volume {mE) 16144 180190 16560 17328
Protein Cone of Eluate (.4 0.33 .33 FRECES
{mg/ml)
Eluate Enzyme Assay 8806 G585 447z 7565
(Wml)
Protein Yield (%) 4] A1) 6 37
i Brzyme Yield (96) 1402 | 28 82 o6
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sronate colusmn data

Parameter HUADSD6C AUAGAIOC | BUAG4IEC HUAD420C
Load Velume {mL) 16136 17558 196931 17884
Load Volume/Resin 2.99 315 3.08 | 298
YVohune ratio |
Column Volume (mlL) 5400 5700 5500 5360
Elusts volume (mi) 17595 22084 204686 19145
Protein Conc, of Eluate 0.0 0.03 0.03 0.04
(mg/mL) | |
Protein Conc, of Filtered | not tested 0.03 0.00 (.04
Einate (mg/ml.)
Eluate Enzyme Assay 4050 2410 15%3 4721
Ul
Protein Yield (V) 0 1l 1l 12 1
| Enzyme Yisld (%) not deteroined | A1 40 69 |
Table 9. Hydroxyapatite column data
Parameater U ETIADADG] ?n TADAIOD | HUAL4ISC HAG4Z0C
Volume Belors Stack Pl 20759 | 20640 10103
U Solution Addiiion {mL) ‘ :
Yolume ratio
Columrm Yolume (mkb) 1500 1549 1462 1500
Load volume (ml) 16429 20917 20746 192173
Floate volume (ml) £100 | 2418 1936 2419
Protein Cone, of Bluate | not tested 10.24 0.17 423
(mg/mlL} |
Protein Conc. of Filtered | NA MNA, 10.17 N4
Eluate {mg/mb)
Eluate Huzyime Assay 14051 25089 20424 20826
(Ufraly
Protein Yield (%) Mot fested a3 53 73 i
Enzyme Yield (%) 87 [ 118 | 140 104 i
Tabie 10, DV20 iltration data
Parameter | HUA0406C HUAG4I0C | HUAD4I5C | AUAD420C
Start volume (ml) 4077 2233 1917 24149
Filirate Volume (mb) 4602 3334 2963 504
Protein Cone. of Filtrate | 0.1 NA 0.08 MNA
(mp/ml) ‘
Protein Cone. of Filtered | NA 0.15 G.09 0.16
Eluste (mpfml)
| Protein Yield (%) not tested 93 82 107
Table 11, Final coneeniration data
Parameter | BUAGEDEC | HUADAIOC | HUAMMISC | HUADAZOC |
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| Start volume (mL) 14575 3798 2963 EEE
Concentrate Volume 562 407 237 316

(il

; Protaim Cone, of 0.9 1.24 1.16 1.73

| Concentrate {mg/ml)

! Protein Yield (%) 111 102 10 o8
Table 12. Bufer Exchange into Final Formuiation data
Parsmeter HUADAOSC BUAGMIOC | BUADN4LI5C HOAG4H0
Start Volume {ml) 562 407 237 316
Final Yolume Buffer 504 516 310 554
Hxchanged Concentrate
(ml) .
Protein Cone. of 1.00 1097 0.98 1.00
Concentrate {muz/ml)
Protein Cone. of Filteredd | 095 R 095 1.02
Concentrate {mg/ml) , "
Protein Yield (%) PG ‘ a9 110 101

The purified and concentrated soluble tHuPH2O protein was ascetically nl &4

o steriie vials with 5 m and 1 mlL 81l volumes. The protein was passed thongh a

.22 um filter to an c}pemtm controlled pump that was used fo fill the visls using 2
gravimetric readout. The vials were closed with stoppers and secursd with erimped
caps. The closed vials were visually inspacted for foreign particles and then tabeled.

Following labeling, the vials were flash-frozen by submersion in Liquid nifrogen for
no longer than 1 minute and stored at <1 3°C (20 %+ 5°C
Erarpie 4
Froduction Gen2 Cells Contalning Soluble haman PH20 (rHuPHIO)
The Genl 3D335M cell line deseribed in Example | was adapted to higher
methotrexate levels 1o produce generation 2 (Gen?) clones. 3D35M cells were

seeded fom estabhished methotrexate-containing cultures into T CHO medinm

E

contandeg 4 mM GlutabAX-1T and 1.0 uM methotrexate. The cells were adapted
to & higher methotrexate level by growing and passaging them 9 times over 2 period
of 46 days in e 37°C, 7% CO; humidified incubator. The ampiiﬁ?ed popuiation of celis
was cloned out by Hmiling dilution in 96-well tissue culture plates containing medium
with 2.0 uM methotrexate, After approximately 4 weeks, clones were deniified and

clone 3E10B was selected {or expansion. 3E10B cells were grown in CD CH
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medium containing 4 mM GluteMAZX-1" and 2.0. i methotrexate for 20 passapes.
A master cell bank (MCB) of the 3E10B cell line was created and frozen and used for
subsequent smdies.

Amplification of the cell line continued by cutturing 35108 cells in CD CHO
medium containing 4 mM GlutaMAX-1™ and 4.0 1M methotrexate. After the 12"

passage, cells were frozen in vials as a research cell bank {RCB)Y. One vial of the RCB

o

was thawed and cultured in medium containing 8.0 pM methotrexate. After 5 days,
the methotrexate conceniration in the medivm was increased to 16.0 uM, then 20.0
ulv 18 days later. Cells from the 8% passage in medivm containing 20.0 1M
methotrexate were cloned out by hmiting dilution in 96-well tissue culture plates
containing CD CHO medium containing 4 mM GlutaMAX-17 and 20.0 pM
methotrexate, Clones were identified 5-6 weeks later and clone 2B2 was selected for
expansion in medium contaning 12.0.0 UM methotrexate, After the 11t passage, 282
cells were frozen in vials as a mscart:hlcail bank (RCBY.

i e e

[ 3 RPN o s S S U SO S U QU s WP L g
Tneresuliant 282 cells are dinvaroioiate reductuse dencient (dhir-; DG

CHO cells that express soluble recombinant human PH20 (fHuPH20L The scluble

i

20 is present in 282 cells at a copy number of approximately 206 copies/cell.
Scuthern blot analysis of Spe I-, Xba - and Bamil Hind Eii~digfz$t&d genomic 2B2
cell DA using a rHuPH2ZO-specthic probe revealed the following restnchion digest
profile: one major hybﬁdizing band of ~7.7 kb znd fowr minor hybridizing bands
{~13.9, ~6.6, ~5.7 and ~4.0 kb) with DNA digested with Spe I, one major hybridizing
band of ~5.0 kb and two minor hvbridizing bands (~13.9 and ~6.5 kb) with DNA
digested with Xba I; and one single hybridizing band of ~1.4 kb observed using 282

- DNA digested with BamH VHind 1L :E&equemé analysis of the mRNA tfranscript
indicated that the émjved eDMNA (SEQ D MNO56) was identical to the reference
sequence (SEQ 1D NO:47) except for one base pair difference al position 11313, which
was observed to be a thymidine (T) instead of the expected cyviosine (C). This isa
silent rautation, with no effect on the amino acid sequence. '

Example 5

A Production of Gen? soluble vHuPHIZD i 308 L Bloreactor Cell

Culture
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A vial of HZ24-2B2 was thawed and expanded from shaker flasks through
36L sprmmer flasks in CD-CHO media (Imvitrogen, Carisbad, CA) supplemented with
20 p methotrexate and GlutaMAX-T™ (Invitrogen), Briefly, the a vial of cells was
thawed ip 2 37°C water bath, media was added and the cells were centrifuged. The

cells were re-suspended 1n a 125 mb shake flask with 20 mb of fresh media and
placed in a 37°C, 7% OO incubator. The cells were expanded up to 40 mL in the 125
L 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., The
flask was incubated at 37°C, 7% CO,. When the cell density reached greater than 1.5

< 10° celis/mL, the culivre was expanded into a 250 mL spinner flask in 200 mL

coiture volume, and the flask was incubated at 37°C, 7% COy, When the cell density
reached greater than 1.5 x 10° celis/mL, the culture was expanded info a 1 L spinner
fask in 800 mL culture mlrﬂ_ﬁ and incubated at 37°C, 7% CO-. When the cell

density reached gﬁaaﬁr than 1.5 % 107 cells/mL the culturs was expanded intoa 6 L

o Y -

o bl s TTEUET MM ety
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cell density reached greater than 1.5 x 106 cells/mL the culture was expanded into a
36 L spinner flask in 32 L cultare volume and incubated at 37°C, 7% COy

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 361 spinner flasks to the 400 L bioreactor {(Graun) at an
inoculation density of 4.0 » 107 viable cells par m_i and a total volume of 260L.
Pararneters wers tcrﬁpﬁmml e set point, 37°C; Impeller Speed 40-55 RPM; Vessel
Pressure: 3 psi; Adr Sparge 0.5- 1.5 LiMin., A O‘verlay: 3 L/ min.. The reactor was
sampled daily for cell counts, pH verification, media analysis, protein preduction and
retenbion. Also, during the ron nufrient feeds were added. At 120 hrs (day 5), 10.4L
of Feed #1 Medium (4% CD-CHD + 33 gJL Glacose + 160 mL/L Glomrmax-1™ + 83
ml/L Yeastolate + 33 mg/L. rHnlnsuling was added. At 168 hours (day 73, 10.8 L of
Feed #2 (2» CD-CHO + 33 g/L. Glucose + 80 mL/L Glutmmax-1™ -+ 187 mL/L
Yeastolaie +0.92 g/L Sodium Butvraie) was added, and culture temperature was
changed to 36.5°C. At 216 hours (day 93, 10,8 L of Feed #3 (1% CD-CHO + 50 ¢/L

shacose -+ 50 mL/L Glutamax- 17+ 250 mL/L Yeastolate + 1,20 g/L Sodium
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Butyrate) was added, and calture temperature was changed to 36° €. At 264 hours
(day 11), 10.8 L of Feed #4 (1» CD-CHOG + 33 g/L Glucose + 33 mL/L Glutamay-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 {eed media was observed to
drarnatically erhance 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 ina final productivity of 17,000
Unifs per mi with 2 meximal call density of 12 million cells/ml. At harvest, the
culture was sampled for mycoplasma, bioburden, endotoxin and viral i vitro and in
vivo, Transmission Electron Microscopy (TEM) and enzyme activity.

The culture was pumped by a peristaltic pump throngh four Millstak filtration
system modules (Millipore} in paraliel, each containing a tayer of dlatomaceous earth
graded 0 4-8 pm and a layer of diatomaceous earth graded to 1.4-1.1 um, followed by
a celiwlose membrane, then through a second single Millistak filtration system
(Millipore) containing & layer of dialomaceous earth gradsd 10 G.4-0.11 pm and a
layer of diatomaceous earth graded to <0.1 pm, followed by a cellulose membrane,
and then through 2 0.22 pm final filter insto a sterile single use flexible bag with a 350
L capacity. The barvested cell culture fluid was supplemented with 10 mM EDTA

anc 10 mdl Tns to a pH of 7.5, The culture was concentrated 10% with a tangential

flow filtration (TFF) apparates using four Sartoshee TFF 30 kDa molecular weight

cut-off (MWCO) polyether sutfone (PES) filter (Sartorius) , followed by a 10 buffer
exchange with 10 mM Tris, 20 mM Nay S04, pH 7.5 into 2 0.22 uwm final filter into =
50 L sterile storage bag.

The concentraied, diafiltered harvest was inactivated for virus. Prior to viral
maciivation, a solution of 10% Triton X~100, 3% tri (n-butyl) phosphate (TNBP) was
prepared. The concentrated, diafiltered harvest was exposad to 1% Triton X-100,
0.3% TWNBP for | bour in a 36 L glass reaction vessel immediately prior to
purification on the § colummn,

B Parification of Genl soluble rHaPHZY
A Q) Sepharose {Pharmacia) ion exchange colurnn (9 L resin, H= 29 cm, D=

20-cm) was prepared. Wash sa s were collectad for a determination of pH,



(W]

)

]
[V

- 178 -

conductivity and endotoxin (LA.L} assay. The column was equilibrated with 5
column volames of 10 mM Trs, 20 mM Na2804, pH 7.5. Following viral
inactivation, the concenirated, diafitered harvest was loaded onto the § colump ata
flow rate of 100 cm/hr. The colurnn was washed with 5 column volumes of 10 1M
Trs, 20 mivi MNaZ2 . p“ 7.5 and 10 mM Hepes, 30 mM Nall, pH 7.0. The protein
was ehited with 10 mM He O mM NaCl, pH 7.04into 5 0.22 pm final filter into
%ﬂniebag The }uef & sample was tested for bioburden, protein concentration and

hyaluronidase activity, Ageo a.‘ic:sorhemcﬁ reading were faken at the beginning and end
of the exchange..

Ty

Fhenyl-Sepharose (Pharmacia) hydrophobic interaction chromatography was
xt performed. A Phenyl-Sepharose (PS) column (19-21 L resin, H=29 cm, D= 30
crm) was prepared. The wash was collected and sampled for pH, conductivity and

endofoxin (LAL assay). The colunm was mmhb'ﬂfﬂd with 5 column volumes of 5

potassium phosphate, 6.5 M ammonium sulfate, 0.1 mM CaClZ, pH 7.0, The

CCRGALS IO e U 30pEarGst CONdImn wWas FiiT

sulfate, 1 M potassivm phosphate and 1 3 CaCly stock solutions to wield final

concentraiions of 5 mM, 0.5 M and 0.1 mM, respectively. The profein was loaded

¥

b

ontio the PS colurnn at a flow rate of 100 emfir and the colurmn flow thra coliected.

The column was washed with & mb polassivm phosphate, 0.5 M amyoniun sulfate

3

S M

ana 0.1 mM CaCl2 pH 7.0 af 100 em/hr and the wash was added to the collected flow
thri, Combined with the cotumn wash, the Sow through was passed through a 0.22
pm final filter into a stertle bag. The flow through was sampied for bioburden,
protein concentration and enzyme achivily.

An sminopheny! boronate column (ProMedics) was prepared. The wash was
cotiected and sampled for pH, conductivity and endotoxin (LAL assay). The column
was eguiliprated with 5 column volumes of 5 mM potassinm phosphate, 0.5 M
ammoniarn sulfate. The PS5 fow through containing purified protein was loadsd onto
the arninopheny! boronate column at a How rate of 100 em/hr. The column was
 wvashed wzm M potassium phosphate, 0.5 M amunonium sulfate, pH 7.0. The
cotumn was washed with 20 mM bicine, 0.5 M ammonium sulfaie, pH 9.0, The

colomn was weshed with 20 mM mane, 100 mM sodium chlonde, pH 9.0, The
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protein was eluted with 30 mM Hepes, 100 mM NaCl, pH 6.9 and passed through 2
sierile filter into a sterile bag. The eluted sample was tested for bioburden, protein
concentration and enzyme activity.

The hydrox vapatite (HAP) column (Biorad) was prepared. The wash was
collected and test for pH, conductivity and endotoxin (LAL assay). The column was
equilibrated with 5 mM p j'assmm nhospmh., 100 mM MaCl, 6.1 mM CaCiy, pH 7.0,

The amincphenyl boronaie p aned protein was supplemented to final concentrations

cof 5 mbM potassium pha.,phme aned 0.1 mM CaCly and loaded onto the HAP column at

# flow rate of 100 em/ir. The column weas washed with 5 mM pomssmm vhnosphate,
pE 7, 100 mM NaCl, 0.1 mM C,aC . The columin was next washed with 10 miM
potassium phosphate, pH 7, M}O mM NaC’l, 0.1 mM CaCl,. The protein was eluted
with 70 mM potassium phosphate, pi 7.0 and passed through a 0.22um sterile {ilter
into 2 sterite bag. The cluted sample was tested for biobwrden, protein concentration

ang enEyme acivity.

uriGed protem was then passed through a viral removal Hiter. The
sterilized Viesart Gilter (Sartorius) was Orst prepared by wasning with 2 L of 70 mM

potassium phosphate, pH 7.0, Before use, the filtered buffer was sampled Tor pH and
conductivity. The HAP purified protein was pumnped via a peristaltic pump through

r‘g"ﬂ Fadl

the 20 AM viral removal filter. The fitered protein in 70 mb potassium phosphate,
pH 7.0 was passed through a 0.22 pm final filter into a sterile bag, The viral filtered
sample was tested for profein concentration, snzyme activity, oligosaccharide,
monosaccharide and sialic acid profiling. The sample also was tested for process
related umpurities.

The protein 1o the Glirate was then concentrated to 10 mg/ml using 2 10 kD
molecular weight cut off (MWCO) Sartocon Shice tangential flow Sliration (TFF)
system {%af orius). The filter was first prepared by washing with 10 oM histidine,
130 mM MNaCl, pH 6.0 and the parm_ea‘né was sampled for pH and conductivity.
Following conceniration, the concentrated protein was sampled and tested for protein
concentration and enzyme activity, A 6% buffer ex z:hzmge was performed on the
concentrated protein into the final buffer; 10 mM histidine, 130 m NaCl, pH 6.0

Following tuffer R hange, the concentrated protein was passed ihc«um a (27 wm
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filter mto a 20 L sterile storage bag. The proiein was sampied and tested fqr protein
concentration, snzyme activity, free sulfhiydsyl groups, oligosaccharide profiling and
osmolanty,
The sterilefiltered bulk protein was then asceptically dispensed at 20 mL into

30 ml steriie Tefion vials (\meum\ The wa s were then flash frozen and stored at -

O 5°C.

i

B

. Comparison of production and parilication of Genl soluble

s

rEePH2Z and Geal soluble rEoulPH2E _

The production and purification >f e.n?, soluble rHu‘PHZ{} e 300L
bioreactor cell CUR'LE'L ewames} some chianges in the protocols compared to the
pmdmctiox and purification Genl soluble rHuPH20 in & 100L bioreactor cell culture
(described in Example 3.8), Table 13 sets forth exemplary differences, in addition fo

simple scale up changes, between the methods.

Cell line 3D3SM 282
Media used to expend cell | Contains 0.10 uM ”ovi;a%ns 20 b
inoculum ' methotrexate (0.045 mg/L) | methotrexate (9 mg/L)
Media in 6L cultures Contamng 6,10 puM Contains no methotrexate
onwards l methotrexate
36 L ospinner flask © | Mo instrumentation | Equipped with

]

instramentation that

monitors and conirols pH,
dissolved oxveen, sparpe
and ovu’iay gas flow rate.
20 L operating volume.

32 L operating volume
Final operating volumem | Approx, 100 Lina 1251 | Approx. N;OOL in a 4001
bioreacior u:ozﬂmior bioreactor (inibal culture
(ipitial culrre volume + | volume + 260L)
65 L) |
Cultore media in final Mo rHulnsulin | 5.0 mg/L riulnsulin
moreacior
Media feed volume Scaled at 4% of the Scaled at 4% of the
| bioreastor cell culture bioreactor cell culture
volwme e 3.4, 3.5 and 3.7 | volume e, 10.4, 10.8,
L, resulting in a iarget 11.2 and 11.7 L, resulting
bioreacter volume of ~92 | in a target bioreactor
L. D volume of ~3031.,

Media feed Fead #1 Medium: D | Foed #1 Medium: 4% CD
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CHO + 530 o/l Glucose +
gmh GlntaMAK™-]

Feed #2 (CD CHO + 50
g/l Gracose + § mM
GlutaMAX + 1.1 &/l
Sodium Butyrate

Feed #3: CD CHO + 50
o/l Glucose + & mM
GlutaMAX + 1.1 /L
Sodium Butyrate

| Glutamax -+ 50 g/L

| Feed #1321

CHG + 33 g/l Glucose +
32 mM Glutarmax + 16.6

o/l Yeastolate + 33 mg/L
rHuinsulin

Feed #2: 2» CD CHO + 33
/L Glucose + 16 mM 4
Ghrtamax + 33,4 g/L
Yeastolate + 0.92 g
Sodium Butyrate

V= CD CHO + 50
/1. Glucese + 10 mM

Yeastolate + 1.80 ¢/L
Sodium Butyrate

Feed #4:1x CD CHG + 33
g/l Glucose + 6.6 mM i
Glutamax + 50 g/L

Yeastolate + 092 /L

Sodiam Butwrate

Filtration of bioreactor cell
culture

Four polyethersuifone
filters (8.0 pun, G.65 um,
0.22 um and 022 pm) in

SEVICS

100 L storage bag

diatomaceous sarth graded

3001 storage bag

1™ stage - Four modules in
parailel, each with a layer
of diatomaceous earth
graded to 4-8 pm and a
layer of diatomaceous
earth graded to 1.4-1.1 win,
followed by & cellulose
membrane.

2™ stage -single module
covtaining a layer of

to 0.4-0.11 pm and a layer
of diatomaceous earth
graded 1o <0.1 pm,
followed by a cellulose |
membrans.
3% stage - 0.22 wm
polyethersulfone filter

Harvested cell oulture is
supplemented with 10 mt
EDTA, t0md Tostoa
pH of 7.5. 1
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Concentration and buffer | Concentrate with 2 TFF Concentrate using four
gxchange prior to with Millipore Spiral Sartorius Sartosiice TFF
chromatography. Polyethersulfone 30K 30K MWCO Filter
MWCO Filier
Buffer Exchange the Buffer Exchangs the
Concentrate 6% with 10 Concentrate 10x with 10
mM Hepes, 25 mM NaCl, { mM Tris, 20 mM Na2804,
pH 7.0 pH 7.5
“ 20L sterile storage bag SOL sterile storage bag
Viral inactivation prior to | None Viral mactivation
chromatography _ performed with the
addition of a 1% Triton X-
100, 0.3% Tobutyl
Phosphate, nH 7.5,
1 purtfication step (O No absorbance reading AZ80 measurements at the
sepharose) ' | beginning and end
Yiral filtration afie Pall DV-20 filter {20 nm) Sartorivs Virosard filter (20
 chromatography
i oncentration and buffer | Haps/sal <
sxohange afer i “

cm'o;malograpb}/ Protein concentrated to 1
mg/ml

e

Targeting Hya iswcmam with Recombiaant Hyaluronicase rFuPHZ0) in

2

Hyzlvronan-Rich

(¥

Tumors
A Fn ovitre Fovreation of Byaluronan -Specific Pericellular Matriy Halos by
Hyaluronan-fich Tumor Cells
Hysaluronan-rich tumor cell cultures and hyaluronan-deficient fumor cell
cultures were assessed for the ability fo form pericellular matrices (halos) in vitro,
i0 ugiﬁg 2 particle exclusion assay and immunohistochemistry. For this seudy, low-
ensity cultures of hyaluronan-rich haman prostate fumor carcinemas (PC3) and low
density enitures of hyaluronan-deficient human fung carciomas (MCI H460) were
treated in cell media for 60 minutes at 37 °C, followed by incubation in the presence
or absence of 0.5 myg/ml bovine aggrecan {commercially available) which is a large

15 aggregating chondroitin sulfate proteogivean at 37 °C for 60 mmutes.
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To assess halo formation by particle exclusion, smell particles (5 x }.O‘?
formalin-fized red blood cells(RBCs)) were addrzd to the cultares. After the particles
had sétﬂed, the cultures were viewed 2t 400X or 100X magnification.

To agsess hyaluronan expression by immunohistochemistry, a subset of the
cultures were stained with biotin labeled fryaluronan binding protein (HABP-bia)
{Seikagaku, Japan}. Afier washing to remove the primary reagent, a FITC-labeled
sireptavidin (Vector Labs, Canade} was used as 2 secondary reagent. Nucles were
counter-steined wsing 2 DAPI (4'.6-dlamidine-2-phenylindole) reagent. Micrographs
were captured via a Nikon Eclipse TH2000U miC‘r.'oécape coupled 1o a Insight
FireWire digital carnera (Diagnostic Instruments, Michigan).

Pericellular mairix halos were identified as the areas staining positive, by
immunohistochemistry, for HA, and the areas from which particles (RBCs) were

xcluded in the particle exclusion assay. The results revealed halos (ina
represeniative experiment, roughly the size of 2 cell) in the hyaluronan-rich tumor

{(PC3) cultures the

halos did not form in the absence of aggrecan, nor in the cultures of hyaluronan-~
teficient (INCI H460) turmor cells, suggesting that the formation of periceliular
mairices was dependent on hyalurondn expression,

To determine whether targeting hyalurenan could block the formation of these
halos, the particle exclusion study and the imrpunohistochemistry were carried out in
cell cultures that nac been freated {prior to addition of aggrecan) for 60 minutes af 37
°C, in the presence or absence of 2 soluble recombinant human hyaluronidase
composition designated rHuPH20. tHuPHZ0 was included in the tumor cell cultures
at 1000 enzymatic units per mL, as determined using the method dﬁscdbed il
Exarnple 2, above. Immunoftuorescent staiming with an anti-hyaluronan antibody
{commercially available) revealed an absenece of hyaluronan staining afier incubation
with rtHuPH20. Following incubation with tHuPH20, the particie assay was
performed as described above. Micrographs revealed that with {HuPH20, halos did

t form in the (PC3) tumor cell cultures, vHuPH20 had no effect on the hyaluronan-

deficient cell (INCI H460) cultures, which did not form periceliular matrices with or
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without rHuPH20, These results support the indication that the in virre halo
formation in fumor cell cultures is hyaluronan-dependent.

The same particle exclusion assay was carmed out with seven different types
of human tumor cell lines, ha;ving varying degrees of HA expression, in the presence
or absence of tHoPH20, as described in thas Example, above. The cell lines used

were BxP(C3 {Pancreas tumor line) PC3 (prostate tumor hine), MDA-MB-231 (breast

tumor hne), HCT 116 {colon tumor ling), DUT4S {prostate tumor line}, MiaPaCa2
{pancreas tumor line) and the H460 (the NEC lung cancer line}. A “halo per cell
area” value was determined by measunng Jm, average halo arvea in the culture dish (in
pixels or mm®), divided by average cell area in pixels or mm”. In order o comp are
the halo per cell area in the different tumor type cell cultures, the value for BxP(OC3
cells was set at 100, and the value for the HA-deficient cell line H460, was set at 0,
and 2 “relative hale frachon™ was deterrnined for each cell type by comparison.  The

results ere set forth in Table 14, below. The numbers listed represent sn averag

POSASUTENSNTS, plus O mMinus slandard Srror of the maan

Table 14: Relative Halo Fraction and HA Reduoetion by vHuPH20 in Tamor Cell

S

Cuibures
Puman tamer | Helative HALD Fracton
Crll line .
fype ~-rHuPHE2Z) +rHEuPHZE
Pancroes BxPC3 100.0%9.6 4.5 708
Prostaie PC3 842 T4 E 142%1.2
Breast - MDA-MB-231 82.1%7.3 10.4%1.3
;

Colon FHCT 116 1508757 .! 99509
Prostate D145 312543 55709
Pancreas WiiaPala 2 16.7%1.4 42507

NSC Lung HA60G 0.0%0.8 -23703

A timecourse study also was carmied out using this assay to determine the
duration of HA vemeval in the PC2 cultures following transient exposure of the celis.
to rHuPH20, followed by a “chase” penod where the cells were incubated with cell

media in the absence of thez enzyme. As above, a “halo per cell ares” value was
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etermined by measuring the average halo ares, in pixels or mm®, divided by average

ell area in pixels or mm?. Halo per cell area was caloulated prior to treatment {time
ero {0)), and the value set as 100 %. For cach of six treaied time-points, the cells
were incubated in the presence of 1000 U/mL rHuPH20 for an howr, followed by a
wash 1o remove the enzyme and a chase period, where the cells were incubated
without the enzyme, for a total of 2, 4, 8, 16, 24 and 48 hours, respectively. For each
tme-point, halo por cell srea was caloulated and a relative halo fraction was
determmmed by comparison to the 100 % time zero value. The results are set forth i
Table 15, below., The numbers histed represent an averape of n = 45 measurements,

pius or manus standard errov of the mean (SEM}

Table 15: Duration of HA Hemoval in PCY Cell Cultures by rHad 120

Total timne (hours) post addiion ‘ |
] o Relative halo !
of 1846 Uimil, rBulE20 ?
‘ n fraction (%) §
{including 1 bonr ncabaton and chase) \
0 : 7.3
2 N
4 32733
8 116744
L6 64.4-78
54 945754
j
- G 1
48 92.7-7.1 ;
-

B. Intravenous rHuPBEIG Administration in a2 Byaluronan-Rich Tamor Maodsl

- (Peritibial PC3 Prostate Carchroma Kenograft Model) Reduees Distal Toumor

intersiitial Fluid Pressure (IFP)

To snalyze the effects of tafgetiz‘zg hyaluronan in & hyaluronan-rich tumor,
rHuPH20 was systernically admirasierad in a peritibial prostate carcinoms (PC3)
xenograft model. For this model, athymic male nude mice wers ineculated with
human prostate cancer cells, PC3 (1x10° cells in a total volumne of .05 mL} adjacent
to the right tbie periosteum. All animal stadies were performed in cuzmplianéa with

approved TACUC protocols,
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To assess tumor interstitial fluid pressure (IFP) in these animals, Milar®
Mikro-tip Catheter pressure transdocers (SPR-320s) were connected o an
ADInstroments® PowerLab 4/30 data acgmsition unit and portable laptop computer
for continuous [FP measurements (units = millimeters of mercury (mmﬁg}). The
systers was calibrated and considered stable when ambient pressure measurements did

not deviate by more than +/- 1.0 mmHg over 15-20 minutes. Hor probe placement, the

A

- pressure catheter was inserted into the inner bore of a 21 gauge needle, and the needle

H

trodaced into the center of the fuznor. The needle wag withdrawn arcund the

ransducer, while the f_wesguré catheter was simultanecusty held in position. The
systern then was used to measure IFF in the tumors {mmHg).

in one exemplary experiment, baseline distal tumor IFF measurernents in 26
xenograft model animals using this method, 16”\16':1}"'(1 correlation betwesn maor
volume and IFF {correlation coefiicient, r=.0.5652), suggesting that increased tumor
voiume may lead to increased [FP.

o determine whether systemic riin?H2Z0 weatment could reduce nmor

oy
T

ryE

)

this xenogratt model, 10,000 units {as determined in Example ‘ e 2) of tHuPH20, was
adminisiered in a 100 pl dose by intrevenous intection in the tail vein of three
andmals, Prior to dosing Gnjection) with rHuPH2ZG, TFP was measured for
approximately 20-30 minates, to astablish 2 baseline IFP measurement. 1FP then was
measured during and following injection. IFP was measured for 1-2 hours post-
rHuPH20 administration. The miravenous rHuPHZ(0 administration caused 2
reduction in distal tumeor IFP. Within 10 minutes, tumor IFP was reduced by an
average of 34 % compared to baseline. Further, umor IFP fevels dropped from 34.06
=159 mmHgto 14,86 £ 12.55 mrnHg in one hour (an average of 38 % of the
bageline level; a 61.3 % average reduction), the maxirnum reduction. Heat-
inactivaied rHuPHZ0, administered to animals as 2 control, did not decrease
interstitial fuld pressure.

Consistent with rapid hyalurenan turnover, turnor IFP retumed (o baseline
within 24 hours in all the mice. A repeaf infravenous. administration of 1 0,000 units
rHuPH20, given 48 hours following the ifial dose, revealed a sirnilar drop in IFP

(8.6 % of baseline, average). Measurernenis taken before and after rHuPH20
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administration in non-tmor bearing hmbs revealed no change in interstitia) fluid
pressure in these tissuss. These data indicated that systemic, infravenous
administration of hyaluromidase can be used fo reduce interstiial fluid pressure in

distal tumors.

(¥l

Interstitial flnd pressure also was measerad in a xenograft model penerated

simitarly, by injection of the hyaluronan-deficient lung carcinoma cells (H460).
While tumors in this model exhibited high interstitial fluid pressure, the effects of
intravenous administration of rTHuPH20 was much Jess pronounced in this model
compared to the hyaluronan-rich tumor model, supporting the indication that the
10 effect of rHaPH2C on umor interstifial pressure is hyaluronan-dependent.
Example 7
PELy viation of rHuPE20

A, Conjugaton of mPEG-5BA-30F to rHoPH2ZO

In order to generate a PEGylated soluble human bvaluromidase, rHuPHZ0
15 {winch 15 spproximaiely 60 KDa in size) was covalently conjugated to a linear N-
hydroxysuccinimdy! ester of methoxy poly(ethylene glycol) butancic acid (mPEG
SBA-30K), having an approximate motecular weight of 30 kDa. The struchure of
mPEG-SRA 18 shown in scheme 2, below:
Scheme 2
9
§
O \
/ e
~ L!—\ 3 N \ 3 ™3 3 i) 4 \7
HSCL}""'"‘ uP;QCr{?_OTCHQLHQ TzzCO“”N |
\
n \> M,J
mPEG-SBA //
20 &

Methods used to prepare the mPEG-SBA-30K that was used to PEGyiate
tHuPHZ( are described, for example, in U8, 5,672,662). Brefly, the mPEG-SBA-
30K 1s made according to the following procedure:

A solution of ethyl malonate (2 equivalens) dissclved in dioxane is added

25 drop by drop to sodium hydride (2 equivaiéms) and foluene under a niirogen
atrnosphere. mPEG methane sulfonate (1 equivalent, MW 30 kDa, Shearwater) 1s

cissolved in toluene and added to the above mixture. The resulting mixture is
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refluxed for approximately 18 bours. The reaction mixture is concentrated to half ifs
original volume, extracted with 1 0% agueous NaCl selution, extracted with 1%
aqueous hydrochioric acid, and the aguneous exiracts are combined. The collected
agueous layers are extracted with dichloromethane (3x) and the organic layer is dried
with magnesium sulfate, fltered and evaporated to dryness. The resulting residue is
dissolved o 1N sodium hydroxide ¢ on‘ta.ining sodium chloride and the mixhwe is
red for T hour. The pH of the muxture is adjugted to approximately 3 by addition
of 6N hydrochlonic acid, The mixture is extracted with dichloromethane (2x),

The orgenic layer 1s dried over magnesium sulfate, filtered, concentrated, and
poured into cold diethyl ether. The precipitate is collected by filtration and drie
under vacuum, The resulting compound is dissolved in dicxane and refluxed for 8
hours and then concentrated to dryness. The resulting residue is digsolved in water
and extracted with dichloromethane (2x), dried over magnesivim sulfate, and the
sohition is concentrated by rotary evaporation and then poured into cold diethy] ether,
Lheprecipiiale iz colleerad oy Iranon and dned under vacuum, The resulung
compound (! eguivalent) is dissclved in dichloromethane and N-hydroxysuceinimide
(2.3 fzquivalents} is added. The solution is cooled to 0 °C and a solution of
dic wclohm vicarbodumide (2.1 equivalents) in dictloromethane is added dropwise.
The schation s stirred at room temperature for approximately 18 howrs, The reaction
mixture is filtered, concentrated and precipitated in diethyl sther. The precipitate is
collected by filtration and dried under vacuum o afford mPEG-SBA-30K.

To make the PEGylated ruPH20, mPEG-SBA-30K was coupled o the
amino group(s) of rtHuFH20 by covalent corjugation, providing stable amide bonds
metween rHuPHZ0 and mPEG, as shiown 1n Scheme 3.

£

Schemes 5:
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HolN—=rHuPH2S

.

mPEG-5BA

E
/ \ I H
HaC 0= CHyCH,0 CHoCH,C G~ rHuPE20
e}

PEGylated rHuPHZ0

For the f:on‘;UGa‘-fionj the mPEG-5BA-30K way added in powder form to

FHuPH20 (st 5 concentration of 10 my/mi in 130 mM MNall /10 mM HEPES, pH 7).

7

The PEGHuPH20 ratio was 10:1 (mcha; ratio). Afier the PEG bad dissolved in the
buffer, the solution was sterile-filtered (Corning 50 mL Tube top filter, polystyrene
cellulose acetate 022 am membrane). The conjugation wes camied cuf overnight,
with stirring, at 4°C in a cold room.

Following conjugation, the solntion was concentrated, using a 100,000
10 MWCO TFF membrane, and buffer exchanged against 130 mM NaCl /10 mM
HEPES at pH £.8. The resalting material, which was tested for enzyme activity, as
described in Example 2, ebove, was di}u.téﬂ using 130 mM NaCl /10 m HEPES at
pH 6.8 to obtain a final enzyme activity of 100,600 U/mL {corresponding to

“approximately 2.5 mg peptide/mL). This PEGylated rHuPH20 material was filled, in

a—
LA

! mL volumes, into & 13-mm Type-1 glass vial with brombutyl seal, and stored frozen
{frozen overnight in a -80°C freezer, then put in 8 -20°C freezer for longer siorage).
B. Analysis of PEGyiamd rHulPHZ0

The PEGylated rHuPHZ0 material was assayéd by gel electrophoresis. Three
batches of PEGylated rHuPH20, made as in Example 7A above, revealed an identical

20 pattern of multiple bands, representing unreacied PEG and multipie species of mPEG-

rHuPH20 conjugates, which migrated at diffsrent distances. Based on comparison
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with migration of a molecular weight marker, the bands representing the specie

ranged from approximately 90 KDa to 300 KDa, with three dark bands rigrating
above the 240 KIa marker. These data indicated that the PEGylated rHuPH20,
gf:n.erzsted by covalent conjugation of mPEG-8BA-30K, contained 2 heterogensous
mixtare of PEGylated rHuPH20 species, tikely including mono-, di- and tri-
PEGylated proteins. The lack of a visible band at 60 K Da suggested that all the
protein had reacted with the PEG, and that no detectable native tHUPH20 was present
in the mixture,

. Fuwed@pe"@ﬂ,qi reduction of Hyshu "‘Tﬁﬂaﬂwapf‘i‘ﬂ’ﬂ Pericellular Mairix Hajos

-~

"Wi&:. an assay simmilar fo that described in Example 64, the effects of various
doses of PEGylatad rHuPH20 on formation of pericellular matrices (halo’s) in
hyaluronan-rich buman prostate tumor carcinoma (PC3)Y cells were asssssed,  For this
assay, varous low-density cultures of PC3 cells were treated with cell media alone
{conirol; G}, or PEGylated THurE20 {at 3, 30, 300, 1000 or 3000 enzymatic units per
mL{ 'U/mL}ﬁ as determaned using the methed deseribed in Example 2, above), for 60
minutes at 37 °C. The cultures then were incubated with 0.5 meg/mL bovine aggrecan
(commercially available; large eggregating chondroitin zulfae proteoglyean) at 37 °C
for 60 minutes.

To visualize the arnount of HA in they cultures using HA (hyaluronan) protein
immunohistochemisiry (IHC), cells then were stained with biotin labeled biotin
iabeled hyaluronan binding protein {(HARP-bio) (Seikagaku, Japan). After washing to
remove the primary reagent, a FITC-abeled streptavidin {Vector Labs, Canada) was
used as 2 secondary reagent, Nuclel were a:oumerwstai_r.‘wd using a DAPI (4',56-
¢iamidino-2-phenyimdole) reagent. Micrographs were captured via 2 Nikon Eclipse
TE2000U microscops coupled (o a Insight FireWire digital camera (Diagnostic
Instruments, Michizan).

For red blood cell (RRC) particle exclusion assay, §x 10° formalin-fixed red
blood cells} were added to each culture. After the particles had settled, the culiures

were viewsd at 100x magnibeation. Periceliular matix balos were 1dentified ag the
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areas stuining posttive by IHC for HA, and the areas from which particles (RBCs)
wers excluded in the particle exclusion assay. |

The “halo area™ was determined by measaring the pixels staining positively
for HA (mmunohistochernistry), or the mm” of the area from which RBCs were
exciuded (particle exclusion assay). The average cell area was determined in a similar
manner in pixels or mmy” for sach assay, respectively. The “halo area per cell area
then was dertved by dividing the haio area by the average cell ares for fields for each
sarnple. “Percent halo” then was determined by setting the halo ares per cell for the
coptrol sample {media alone) a3 100 % and the halo area per cell for the 1000 U-
PHZ0-treated hyaluronan-degraded H460 cells (from Example 6A, above) as zero.
The results are pméemed in Table 16, below. This Table lists the average “percent
halo™ for each study condifion (doses of PEGylated rHuPMH20Y; each condition was
performed in triplicate wells and 25 celis counted per well (total =75 cells counted);

standard error of the mean (SEM) is shown. The data revealed that the half maxi

1
dX TN

e e g b g N -~ < % " = T F U G S
eifective concentrahon (ECsy of PEGyiated rHuP M0 i reducing

falos iy this smady

3.1 UlnL 0.09 ug/mil). The 75 % maximal effective concentration (ECys) was
14,1 U/l (0.4 pg/ml).

Table 16: Dose-Dependent Heduction by Hale Formation in Hyaluronan-Rich
Tumor Cell Cultures Treated with PEGyiated rHalH2

Dose PRGrHaPH2E0 %% Halo SEM
(Ulml
¥ 100 4.2
3 515 2

»}
_—
o]
i =3

—
I

360 9.8 1.0
1000 4.8 0.6
3600 O 0.5

B PEGyiated rHuPH2ZO Inhibits Colony Growth of PC3 Cells in virro
To determine whether PEGylated rHuPH2G can inhibit anchorage-independent
growth and proliferstion of hyaluronan-rich prostate tumer celis (PC3) in virro, a

i

three-dimensional clonogenic azsay was performed on cslis. PC3 cells, at
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approximately 80% confluency, were tryosinized, harvested, and washed once in
completed medivm. Cell density was adjusted to 8x10%m cells and suspended in
Matrigel® (BD Biosciences, San Jose, CA) on ice. D.OQS mL of this cell / Matrigel® '
mixture were seeded onto a 48 well cell cultre plate that had been pre-co oated with
Matrigel® at 0.1 mL per well, and solidified at 37°C for 1 hour. For continuous
exposure, over 17 dave, fo control APIbuffer and various concentrations of
PEGylated tHuPHZ2O, 0.6 mL/well of cornpisted medivm contaming APT buifer, 1, 3
10 and 100 UimL of PEGylated tHuP H2Z0 were added to the top of the appropriate
weil. The wells were incubated at 37°C, in a humidified atrnosphere with 5% COZ in
alr-for 17 ciays, fresh freatment medivm, including the appropriate cof;-c soiration of
enzyime, where appropriate, was replace every 3-4 davs during the 17 days period,

Onday 17, growth of colonies was assessed by capturing tmages with a Nikon
Eelipse TEZ000U mverted microscope coupled to an Insight FireWire digital camera
{Dxiagnostic instrumnents, Michigan). The colony number and diameter of each colony
i um wers measured using Imaged soltware (open source software, a publichy
available program for display and analysis of unages, for calculating ares and pixel
vatue) and coupled calibration fonction {colony volumes were caleulated using colony
drameter and using the formula: 4/3 n .

Aversge colony ‘voiume of wells for each condition were determined and the
effects of PEGylated rEuPH20 on colony volume assessed by companing the averags
colony volume in the control sample (AP1 (active pharmacentical ingredient) buffer
{10 mM Hepes and 130 ot MNaCl, pH 7.0) without enzyme) to the samples that were
incubated in the presence of PEGylated vHuPH2Z0. Inhibitory ratios were calculated
using the formula:

(mean velume of conirol -~ mean volume of {reated) / {mesw volume of contrely* 144,

PEGylated rHuPH20 induced a dose-dependent inhibition of growih,
svidenced by lower colony volume compared with contrel. Based on inhibitory ratios
calculated using the above formula, the cultures incubated in the presence of
PEGyviated rHuPHZ0 at 1, 3, 10, and 100 U/mL exhibited an average reduction in
colony wolume 0f 39%, 67%, 73%, and 75% respectively (p<0.01 for the 3 U and 1
U samples; p<0.001 for the 100 U samples; n=8), compared to culteres incubated with

condrol bufier. Statistical differsnces were analyzed using the Mann-Whitney Test
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The ¥Cq of PEGylated tHuPH20 in reducing colony volume, determined
using the Graphpad Prism®4 program (GraphPed Software, Inc., La Jolla, CA), was
approximately 1.67 U/mL. The average number of colonies was 10.1721.56 per well
in vehicle-treated (control) cultures and 11.50 + .89 per well in the cultures treate
with PEGylated rEHuPHZO 100U/mL. The difference in colony number was not
significant between the conirol and the 100U/mL cultures (=6, p=0.05). These
results indicate that PEGylated rHuPHZO can whibit proliferation zand/or survival of
hyaluronan rich cancer cells.

Eixmmple 8
PEGyiated rHnPHI0: Increased Duratien of i vive action Compared with

Hagive rBaPH2H

A Tvsluation of the pharmacodynamics of native rHuPH20 and PEGylated
rEaPHIZO
1. Evaluation of the pharmacodynainics of native rHaPH2G,

Ninety male C-1 mice were obtained from Charles River Laboratonies, The
amimals were of approximately 3 fo 5 weeks old and weighed about 17 to 23 grams at
the day of randomization. Animals were dosed via tail vein injection (infravencus) of
either 0.398 mg/kg HUA (Lot ho, HUAOT03MA; generated using Genl production
described in Example 3} or 0.433 mg/ky HUB (Lot Mo, HUBOT02CA,; generated
using Gen? production described .in Example 4) rtHuPH20. The intr'aifenous
injection was by a slow push taking approximately 30 seconds, 5ix animals dosed
with PH20 (HUA or HUB) were anesthetized/enthanized for blood collection at
predose, at 1, 5, 10, 30 minutes, and at 1, 2, and 3 hours post dose. Plasme saraples
were harvested and stored Fozen until tHuPH20 concentration measurement.

Plasma concentrations of rHuPH20 were determined using a 96-well plate-
based gnzymatic assay, The enzyme assay was a modification of the method
described by Frost et al. (1997} (A Microtiter-Based Assay for Hyaluronidase Activity
Not Reguiring Specialized Reagents. Analytical Biochemistry (1997) 251:263-269)
that provides a measure of rHuPHI0 content in plasima specimens or Hssne
homogenates. First, biotinyiated HaA (bHA) substrate was bound to plastic microtiter

plates. rHuPH20 present in standards and specimens was incubated in these bHA-
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coated plates for approximately 90 minutes at 37°C under optimized conditions.
After stopping the enzyme reaction, remaining bound bHA was detected by mmitially
adding a streptavidin-HRP cbnju.gate for 60 minutes and then subsequently
visualizing the responss using TWVIB subsiraie. Bince more rHuPH20 in a standard or
ssmple would lead 1o less bHA avalable 1o bind SA-HRP, the optical density (450
nro) value was inversely proportional o the concentration of hyaluronidase activity in
gach specimen. The assay range was fTom approximately 0.013 to 1 U/ml. For a 50-
fold samnple ditution factor, the L1.OC was approximately 0.625 U/mb. Hence, the
lower limit of quantitation {LLOQ) of the assay with a 1:100 dilution of the sample
was (.625 U/mL of enzvme, Pharmacokinetic (P analysis was conducted nsing
WinNonlin Pro version 5.1 {Pharsight Corp., Mountain View, CAL). PK parameiers
were derived using non-cornpartmental methods. Sumimary statistics were computed
using BEXCEL (Microsoft Corp., Seatfie, WA or IMP v.5.0.1 (SAS Institute, Cary,
M ANGYVAS were conducted using IMP v.5.0.1.
cak plasma concentranons of pHUPH20 (HUA and HURB) was aitained
immediately npon imtiation of IV infusion {at the T-minute collection time). The
average peak concentration (Cmax) for HUA and HUB were 1148 and 1176 ng/ml,
respectively, Decline from peak concentration was rapid and bi-phasic for both HUA
and HURB. The mitial distribution phase, between 1 and 3 minutes post dose, was
followed by a slightly slower slimination phase. Plasma concenirations fell below the
assay quantitation limat (0.625 U/ml) by 30 minutes post dose. The tenminal half-life
(T1/2 hz) from the IV injection was 0.045 hour (2.6 minutes) for HUA and was 0.038
hours (2.3 minutes) for HUB. The short half-life represented rapid elimination of
rHuPH20 1o male CD-1 mice.

2. Evaluztion of the pharmacoedynamics of PEGylated vHuPH2D

A singe dose PK study was conducted in male IRC mice (Harlan) to
characterize and compare the plasma concentration versus tirne profiles for two ots of
PEGylated rtHePHZO0 (PEGPHZ0); lots 2005-9-14 {(specific acitivity 38,000 U/me)
and lot 221-092 (specific acuivity 32,000 U/mg). Additionally, the P¥ concentration

~

following repeated Monday-Thursday BIW Jwice-a-wesk) IV injections were

W

examined in one study group of animals.
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PEGPH20 {made as described in Example 7A) was administered

in'travximously to male IRC mice, werghing more than 25 g.; the IV dose was 125,000

hyaluronidase activity units per kilogram body weight (U/kg). Blood samples were

collected prior fo dosing and at pre-determined times post dose. Due to the limited

blood volume of a mouse, a sparse sampling scheme was used for sequential blood

collections. Randomization of study antmals snd sparse blood collection tirmes are

shown in Table 16A.

TABLE 16A: Rapdomization and Spar@e Bieod Collection Scheme
' .. : Time Polets for Blood
M grou Test Artie ot - .
Growp | Migroup est Axticle Dose Withdrawals
1 3 PGP0 1250000 5 min, 30 min, 1k, 24h
g kg nig, | !
Lot#221.082 | S e
7 3 FEGPHI0 125,000 Wk 5 moin, 30 min, 1h, 241
2 3 Lo UL g 5 \ i, Lh, 240
Lot #2005-6-14 00 Ulkg man, 30 nun 4
R PEGPHZ0 . |
3 2 _ th Oh dh 24h
4 3 PHERTZ0 125,000 Ufl 1h, 2h, 4h, 24}
Lt ! 5 =il ‘/“ Ay da
"’ Lot #2005-8-14 ' . 1
5 3 PRGPH20 125,000 UA Pre, 4h, Bh, 240
3 42, iR e, 40, 60, 24
Lot #221-092 7 R
5 3 PECRED 125,000 Ulkg | 4%, 8k, 24h
Lot #2005-9-14 ’ R
ih, 4h, 24h, 48h, 72h — first
dose
. 3 PEGPHZ0 125,000 Ulkg | 1k, 4h, 24h, 48h, 96h —
Lot #2005-9-14 per dose seeond dase _
Ik, 4h, 24h, 48h — third
| doss

Plasma was prepared from collected blood samples and stored frozen at -70°C

until analysis, Hyaluronidase activity in each plasma sample was determined by
micro turbidity microtiter plate based-assay described in Example 2. The lower limit
of guantitation for the assay was 2.90 U/mL. Plasma concentration versus tirne data
was analyzed by non-compartmental and compartmental methods using WinNonltin
Pro version 5.1 (Pharsight Corp., Mountain View, CA). Derived PK paramsters

included AUC, Cmax, and Tmax, These parameters were compared betwesn the fwo
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lots of PEGPH20 to assess PX comparability. A general specific activity of 35,000

U/mg was used for conversion of U/mL to ug/mi. The 35,000 Ulmg was an average

of the specific activities of the 2 lots of PEGPH20 (lots 221-G92 and 2005-9-14).

Svyatermic exposure defined by AUC and Cmax were sirnilar between the two
lots of PEGPH20 when administered intravencusly to mice. The general PK profiles
from the two lots were also simiar with protonged elimination half-life of about 10 to
11 hours and a slow systemic clearance of less than 10 mL/h-kg. Statistical
comparison of mean and median plasma concenirations by blood collection times
showed no significant differences between the 2 lots of PEGPHZO. Repeated BIW
(Monday-Thursday) IV administration of PEGPH20 for a total of 3 doses gave
expacted plasma concentrations that could be predicted by the pharmacokinetics of
the first dose. These results suggested that PEGylated tHoPH?20 has a sustained in
vive enzymatic activity following administration by intravenous injection, having
greater than a about 250-fold increase in hali-life.

. in Vive Agtivity in the yaluronan-Hich Toumey
Feostute Carcinoma Keneoraft Medael)

To compare the effects of PECyiated and native rtHuPH2O following
intravenous administration, the peritibial PC3 prostate carcinoma xenograft model
animals, deseribed in Example 6, above, were treated with native and PEGvlated
rEuPH2Z0.
following adnunistration of PEGviated rBuaPHIL

Two groups of peritibial PC3 prostate carcinoma xenograft model anirals
{athymic maies bearing PC3 human prostate cancer xenografts: see Example &,
above) were injected intravenousty with 10,000 vnits of PEGviated rHuPH20 (made
as described m Example 7A) and native tHaPH20, respectively.

Blood was taken from the animals prior te administrabon of 10,000 units of
native THuPH20 / PEGylated tHuPH20, and at various time-points following
administration. Plasma was prepared and the enzymatic activity éssa}f described in

e

Example 2, above, was used fo determine the units of tHuPHZO0 activity per mL

plasma at these time-points. The results revealed that the nalf-life of enzymatic
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activity in the plasma afier administration: of native rHuPH20 was less than one
minute (plasma half-1ife was 0.5% minutes in this experiment). By 10 minute
following administration of native rEuPH20, less than 5 enzymatic units per mL of
plasma was observed. “

By contrast, PEGylated rHuPH20 exhibited a plasma enzymatic half life of
over 24 hours. At 60 minutes following administration of 10,000 enzymatic units of
PEGylated rtHuPH20, greater than 1000 enzymatic activity units (greater than 10 %% of
that injected) were observed per il of plasma. These results suggested that
PEGylated rHuPH20 has a sustained in vive enzymatic activity following
adminmsiration by infravenous injection, having greater than a 2000-fold increase in
half-life.

2. Increased Duration of Hyzluronan Reduction in Distal Tumors with
PEGviated rHePH2O

Peritibial tumors from the mice described 1n Example 81,1, ahove, were

harvested and Gxed 1o normal vullered Totmalin (NBF), prior 1o native/PEGylated
HuPH20 admanisiration, and 45 minutes, 2 hours, 24 hours, 48 hours and 72 hours
pogt admmLﬁrauon Levels of hyaluronan (HA) in the umors were assessed by
imrmunohistochermstry (IHC). For IHC, 5 wm tumor sections were stained using a
biotin labeled hyaluronan binding protein (HABP-bio) {Seikagaku, Japan), After
washing to remove the primary reagent, a FITC-labeled streptavidin (Vector Labs,
Canada} was used as a secondary reagent. MNuclel were counter-stained using a DAPT
(4".6~diamidino-2-phenylindole) reagent. Micregraphs were captured via a Nikon
Felipse TE2Z000U microscope coupled to a Insight FireWire digital camera
(Diagmostic Instruments, Michigan).

Before rHuPH2Z0 administration, an infense green statning was indicative
the presence of HA o the tumors. Forty-five (45} mimates after intravenocns
administration of 10,800 Units native tHuPHZ0, tumors displaved nio visinle HA

4

staining. However, within 24 hours, HA levels i the turnors appearad to have

k!

returned 1o that observed prior to dosimg, consistent with rapid hyaluronan tumover

o=l
and short hali-life of native rEuPH20. Following administration of PEGylated

v 'f

rHuPH20, howsver, no HA staining was observed at 2 hours, 48 hours, nor 72 hours,
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following administration. These results suggested that intravenous administration of
PEGyiated rHePH20 resuits in sustained enzymatic activity gt the tumor site, for at
least 72 hours following admimstration.
3. Dose Response of HA-Degradation in Distal Tumors by |
HuPH20
In another study, animals in an additicnal group of pentibial PC3 prostate
carcinoma xenograft modsl animals were treated with vehicle and varous arnounts
coﬁc'r:ntrat%ms {10, 160, 5300, 1000 and 10,000 enzymatic units (U) per mouse) of
PE {“ vigted rHuPHZ0, Three davs (72 hours) following this treatment, peritibial
firnors frorm the mice were harvested and fixed in normal buffered formalin, Level
of bryaluronan (HA) in the tumors wers assessed by timmunohistochemistry (ITHC), as
described in Example 8B.2, above. Hematoxylin/Eosin (H&E) staining also was done
on the wmor sections. The results revealed a dose-dependent reduction in HA
staining in the tumer sections from animals freated with 100, 500, 1000 and 10,006 U
EGylated tHuPHZ0. in the sections from animals receiving 1000 and 10,0606 U
PECyiated rHuPHZ0, almost no visibie staining was cbserved. In the sections of
animals that had received 500 U PEGylated rHuPHZO, sporadic staining was
ohserved, indicating that in this exemplary study, BA staiming was a:amp}_c-:teiy
removed only with doses graater than 500 (in tas case, 1000) U, These resulis
indicated that a single systemic admimstration of PEGylated :Hu}‘)f:l?_,(} can reduce
byaluronan in distal tumors for af least three days, The EDsy (dose eliciting 2 50 %
reduction in HA staining) of the PEGyiated tHuPHZ0 in this study was 13,000
enzymatic units per ki?og"am {U/K.z), which corresponds 1o 300 pg/Ke,
4, Duration of Action of PEGyiated PEZE "}i{rﬁmm«a&x of HA frova Distal
PO Tumors
In 2 further study, PC3 prostate tumor mode! animals were treated with
vehicle for ten days, or 10,000 U per mouse {approxymately 15 mp/lg) of PEGyiated
HuPHZ0 for 1,2, 3,4, 5,6,7, 8,8 or 10 davs, After the reatment, peritibial mmors
from the mice were harvesied and fixed in normal buffered formalin and assessed for

hyzluronan {HA) expression via mmmnomsmcna'mmmf as described in Example
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813.2, above, HA staimng was reduced at all time points, with no visible detection of
HA stamning ouf to day 5.
Example 9
Sustained IFP Suppression with PEGylated rHaPH20
A. PEGrHePHLY Administration Results in Kapid, Sustained, Dose-Dependent
eduction in Tumor [FP. '

In order to compare the effects of systemic administration of PEGvlated
rHuPH20 (PEG rHalPH20) and native (HuPH20 on distal tumor IFP, the method
described in Example 6B, above, was used to measure tumor IFP afier in.travénc:us
injection of varicus amounts of each enzyme in PC3 xenograflt model animals.

.Fi'st, reduction in tumor IFP was compared, using three mice per group, each
miouse receiving a 10,000 unit dose of either PEG rHuPH20 or native rHuPH20, As
noted in Example 0B, above, with administration of native riHuPH20, fumor IFP was
reduced by an average of 34% m 10 minutes and 61.3 % in one hour, following

admimistration, Admuiusirasoen of 10,000 unit of PEG rHuPHIZ0 resuited in a similar

(22.4 %) reduction in the first ten minutes following injection. By one hour posi-
administration, however, the PEG rHuPH20 had reduced the distal tumor IFP by an
average of 88.0 %, compared to baseline, indicating that PEGylated soluble
hyaluronidase has an increased and/for sustained effect on IFP compared with native
ENZYINS.

Next, in order to determine whether the effect of THuPH20 on interstitial flud
pressure were dose-dependent, the method described in Example 6B, above, was
carried out using 10 groups of PC3 xenograft mice (7 mice per group), each group
being freated as described above, with 100, 1000, 3000, 7000 (PEGyviated rHuPH20
anly) or 10,000 units of PEGylated or native rtHuPH20, or control carrier buffer, was
administered ntravenously by tail vein iujection. IFP was measured prior to, during
and continously following the adminstration. [FP was measured until 120 minutes
post-adminisiration.

Results revealed that intravenous administration of both native and PEGylated
rHuPH20 reduced distal tumor IFP in a dose-dependent manner. Severa! doses of

FEGylated rHuPHZ0 resulied in greater decreasss in IFP by one and two hours
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following administration. For example, in this exemplary experiment, after 120
roinutes, administration of 1000 units of native FHuPH20 resulted in an approxirnately
30 % reduction in tumor [FP (roughly 70 % compared to control), while
administr&ﬁon of the same dose (1000 units) of PEG sHePH20 reduced tumor IFP by
greater than 50 % (roughly 48 % of control). IFP reduction at the highest doses
{3,600 - 10,0060 U/mouse) of PEGylated vHuPH20 was greater than 80% at 120
rminutes. 1Cs (for % IFP inhibition at 120 minutes fcﬂ}owing PEGviated rHuPH20
treatment) was 807.6 U/mouse. The three nighest dose (3000, 7600 and 10,000 U
PEGyiated rHuPH20/mouse) effects appeared to platean at this time- pmnt
B, Intravenons Admdnistration of PEGylated v HaPH2Z) Besuliis in Prolonged
Tumor IFY Suppression

To determine whether the increased duration of in vive activity with
PEGylated tHuPH20, as observed in Exampie &, translaied into prolonged

suppression of tamor IFP, groups of PC3 xenograft model animals (4 animals per

sroup) were injected mtravenously with carmier puffer or 10,000 umts ot PEGylated

e

rHuPH20 a8 described above, and IFP measured, as deseribed in L,a(lmpjt, 6, at 8
hours, 24 hours, 48 hours and 72 howrs post administration.

Similar experimoents had shown that distal tumor IFP returned o control levels
by 24 hours following administration of native rHuPH20. By confrast, in this
expeniment, [FP was reduced by at least about 50 % at & hours, 24 hours and 48 hours
following intravenous adrrunistration of a siagle dose of 10,000 units PEGylated
rHuPH20. in this expenment, the average tumor IFP approached contral Jevels by 72
hours, These results indicate that PEGylated rHuPH20 can be administered
intravenously to effect prolonged intersiitial fiuid pressure decreases at distal tumor
gites.

2, Beduction in Tamor IFP by PEGylated rHoPHIO Administration s HA-

2

Liepengent

“i

To demonstrate that reduction in turnor IFP by PEGylated rHuPH20 was
dependent on presence of hyaluronic acid (HA) in the tumor, the effect on IFP was
assessed in frve different turmor models. For this study, groups of andmnals for each

B

turpor model were generated by inoculating male athymic nude (mz!mt ) mitce with the
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appropriate cell lines: PC3 (deseribed above, e.g. Example 6); BxPC3 (a human
pancreatic carcinoma cell line); Mat LyLu (a rat prostatic carcinoma derived from the
Dunning series of rat prostate carcinomasy;, Dul4s (a human hormone refractory
prostate carcinoma cell line); and NCI H460 (a human large cell lung carcinoma cell
ling), in the hind linb, peritbially, as described for the PC3 model {(See Example 6,
above).

As desceribed in Eiample 17, below, tumoers isclated from these mice were
assessed by immunohistochemustry (IHC) for differences in the degree of HA
expression. The IHC was performed on sections from the turnors and a scoring
system was used, where a “++7 score indicated intense staining in greater than 80 %
of the visual figld, “+/-* indicated sparse staining am “*indicated no visible staiming.
As nofed in Examyple 17 and m Table 17 below, this study revealed a range of HA
tevels in fUMors, ranging fom -+ (o +-.

Apimals from the PC3 prostate tumor model, BxPC3 pancreatic carcinoma
turnor model, Mat LyLu prostate tumor model, Dul4s human prostate tamor model,
and NCI H460 lung carcinoma model, having tormnors that had reached between 400
and 800 mm” then were injected intravenousty with 15 mg/k.g (10,000 U per mouse)
PEGylated rHaPH20 or control buffer (AP] {active pharmaceutical ingredient) buffer
(10 mM Hepes and 130 mid Nall, pH 7.0} without enzvme). The relative amounts of
aumor FiA in each of these models, a5 determined as described in Hxample 174,
below, is sef forth in Tabie 17, below.

IFP was measured, as described in Example 68, above, prior to, during and
continuously following the administraion. IFF was measuvred until 120 minutes post-

administration. Table 17, below, indicates the approximate relative reduction in IFP

compared o freatment with control buffer) at 120 minutes, for each fumor model.
.- + !

For these numbers, 1FF was compared in the animals that received PEGyiated
rHuPH20, to that in animals receiving control buffer, The results indicate that
PEGylated rHuPH20 intravenous administration reduces IFP in distal tmors in an
HA-dependent manner.

Tabje 17: Reduction in Twmeor IFP by PEGylated rHaPHZ0 Depends on HA,

G 2

amounis in Tumors
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| Turor Model Relative Tumor HA Approxzimate Relative
1P Reduction
| PO3 -t B4 Y%
BxPC3 it 30 %
Mat Lyln + 25 %
Dral4ds +fe 19 9%
NCT B460 +/- 6%

-

Example 1

Intravenons Administration of vHuPT20 Results in fncreased Vascular Volume
in Distal Tuwmors (Sustained Effects with PEGyiated yBal BN

Trengverse 2-dimensional ulirasound imaging was used to measure vascular
volume before and afrer rHuPH20 administration in peritibial tumors in the xenograft
model described in Example 6, 2bove,

A VisualSonics Vevo 770@ high resolution ultrasound (U/8) {(ViseaiSonics,
Ine., Toronto, Ontarie, Canada) was used, in Contrast Made, 1o obtain relative
measurements of vascular volume in the tumors. During Contrast Mode image
acquisition, non-targeted nitrogen/perfluorcbutane filled MicroMarker® micro-
bubbles (MEs) (ViswalBonics, Inc.), which are not, but become trapped in the vascular
swace due 1o their size, were administered intravenously by tail vein injection. The
MBs were hyper-echoie, thus providing strong ultrasound wave reflections and had 2
median diarnster o7 2.3 - 2.9 mum. Thus, the MBs were confined o the vascular
compartment following injection. Relative vascular volume was caleolated, using the
sruation below, as ultrasound signal intensity after MB injection (B) minus
wltrasound signal intensity prior to MB injection (A), per tumor region of interest
(RO

Vase Vol (1) = [ (B~-A) /ROL

The change in relative vascular volome was the difference in the vascular volume (as
calculated with the equalion above) al two time points (e.g. before and following
administration of rHePH20), as per the following eguation:

Change i YVase Vol = Vase Vol (220 - Vase Vol (1D
& " L N J

fnal
ji>]
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Using these methods, vascular volume in peritibial tumors was measursd §
hours, 24 hours, 48 hours and 72 hours following intravenous administration of
soluble human hyaluromdase (native or PEGylated) to xenograft model animals, a3
descrived in Examples 6 and 9 above, At eight and twenty-four houts post-
adminiziration of native rTHuPH20, distal tumor vaseular velume was betwaen 2 and
2 5-fold hugher than sfter injection of carrier buffer alone. At eight and twenty-four
hours post-admmistration of PEGylated rHuPH20, however, the vascular vohume was
between 3 and 4-foid higher than afer injection of buffer alone. By 48 hours
following administration of the PEGyiated rHuPH?Z0, the tirnor vascular volume was
still increased 3-fold compared to the vascular volume observed afier injection with
buffer alone. These results indicate that systemic administration of PEGylated
tHuPH20 can effect sustained “enzymatic decompression” of twmor vessels, resulting
i increassd vascuiar volume.

Znzymatic decompression of tumor blood vessels was also assessed by
immunohistochemisity (1HC) for visualization of blood vessels. Peritibial tumors
from groups (of 3 PC3 xenograft model animals sach), which had been treated with
carrier buffer or 10,000 Units PECGylated tHuPH20 were harvested, fixed in formalin
and embedded in paraffin.. For detection of blood vessels, sections from the tumors
were stained veing a rat anti-mouse CD3 1 antibody (Pharmingen, San Diego). After
washing the prirary antibody, the sections wers stained with HRP-conjugated rabbit
anti-rat [gG {Vector Labs, Canada}. After weshing the secondary antibody, a DAB
substrate was used to visualize D31 stai ning. Nuclel were counter stained with
hematoxviin. Micro-vessel area was quaxmmu using Amagej' open source software, »
publicly available program for display and analysis of fmages, for caleulating ares and
posifive microvessels, The results revealed an aversge CD31+ microvessel arca of
approximately 200 square micrometers {um:z) 1 fmor sections from the conirol-

treated animals, and of approximately 700 pm”in tumor sections from mice that had

received intravenous doses of PEGylated rHuPHZ0 48 hours prior. This greater than
three-fold increase supported the finding that PEGylated rHuPH20 administration

sffedis g sustained enzymatic decompression of tumor blood vessels,
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Example 11
Intravenous Administration of PEGylated rHEuPHZ0 Resulis in Sustained
Decrease in Tuwmor Water Content

Turmor water content was measured in groups of PC3 xenograft animals (9

(W3

mice per group) at varnious fime voints following intravenous administration, as
described in the above Examples, of 10,600 Units PEGrHuPH2Z0 or carrier buffer

alone. Water coptent was measurad 2, 8, 24, 48, 72, 96 and 120 hours following

adrninistration,

To measure water content, PC3 tumors pleces were harvested, blotied,

o

weighed, and snap frozen. Samples were subseguenily placed in a byophilizer, dried
for gver 48 hrs and we eighed. Water welght was reported as the (ssue wei weight ©©
dry weight ratio, Results revealed that wet/dry weight ratio was significantly reduced
(p=0.05) in the mice having received PEG rHuPH20, relative to animals having

received carrier buffer injection, at all tirae points measured.

[

Relative H2O Diffusion Rate (ADC) - Antipals were administered native
THUPH20, PEGrHuPHZE, or carrier bulfer and Diffusion Weighted MR measured
over ime to determine Apparent Diffusion Coefficients (ADCs) (see, for example,
Park MT et. al, Korean J Radis!l. 2007 (53006, The role of diffusion-weighted
imaging and the apparent diffusion cogfficient (ADC) vafuﬁx Jor breast tumorsy. The
260 ADC value refiectsd tumor water content. Af both 48 and 72 hrs after dosing, the

mean H20 apparent diffusion coefficient (ADC)Y after PEGrHuPHZ0 treatment was
tatistically different than irﬂtmm* with carrier buffer a{;o‘ne. The reduction in wate
ATDIC reflected 2 decrease in water diffusion/transiational motion in the tumors in
animals treated intravenously by PEGylated rtHaPH20, Thus, water diffusion was
25 significantly decreased in tumors in these animals at both 48 and 72 hours, relative o
control. This result indicates that the interstitial volumne fraction was decreased andlor
that the fortuesity of interstitial floid was decreased, following infravenous

administration of PEGyiated vHuPH20, for at least 72 hours.

L
o

Determination of sialic acid and menosaocharide content
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The sialic acid and monosaccharide content of sohuble rHuPH20 can be
assessed by reverse phase liguid chromatography (RPLC) following hydrolysis with
trifluoroacetic acid. In one example, the sialic acid and monosscchande content of
purified nyaluronidase lot # HUBOTOLIE (1.2 mg/mL; produced and purified
essentially as described in Example 5) was determined. Briefly, 100 pg sample was
hydrolyzed with 40 % {v/v) trifluoroacetic acid at 100°C for 4 hours in duplicate.
Foliowing hydrolysis, the saraples were dned down and resuspended in 300 pl water,
A 45 L aligquot from each re-suspended sample was ﬁ‘ansfem“ad to a new tube and.
dried down, and 10 pL of a 10 rag/mL sodium acetate solution was added to each.
Thie released monosaccharides were fluorescently labeled by the addition of 50 uL of
a solution containing 30 mg/ml Z-aminobenzoic acld, 20 mg/ml. sodium
cyenoboroiiydride, approximately 40 mg/ml. sodivm acetate and 20 mg/mL bortic acid
in methanol. The mixture was incubated for 30 minutes at 80 °C in the dark. The
derivatization reaction was guenched by the addition of 440 L of mobile phase A
(0.2% (wrvy n-buryiamine, 0.5% (wv) phosphonoe acid, 1% (v/v) ietraiiyvérofuran), A
matrix hiank of water alsc was hydrolvzed and derivatized ns described for the
hyaluromidase sample as a negative control. The released monosaccharides were
separated by RPLC using an Octadecyl {Cig) veverse phase columm (4.6 x 250 mm, 5
um particle size; J.T. Baler) and monitored by fluorescence detection (360 nm
excitation, 425 nrn emission). Quantitation of the monosaccharide content was made
by comparison of the chromatograms from the nyaluronidase sample with
chromatograms of monosaccharide standards including N-D-ghucosanine (GIeN), N-
D-galactoparnine (GalN}, galactose, fucose and mannose. Table 18 presents the molar
ratio of each monosacchande per hyaiurdnidase molecule,

Table 18 Monosaccharide content of soluble rHaPH2E

Ez Lot Replicate | GleM | Gal Gatactose | Mannose | Fucose
| HUBJTOLE | 1 14.2% 0.67% £.19 25.28 2.69
1 i 13.66 0.08# 8.00 24.3 2.61
; Average | 13.97 (.08* 6.10 2481 2.65

* (i resuits were below the Hmit of detection
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C-terminal heterogeneity of soluble rHuPH20 from 3D35M and 2B2 celis

C-terminal sequencing was performed on two lots of sHuPH20 produced and
purified from 3D35M cells in a 100 L bioreactor volume (Lot HUAOSOSMA) and
2B2 cells in a 300L bioreactor volume (Lot HUBO701ER). The lots were separaiely
digested with endoproteinase Asp-N, which specifically cleaves peptide bonds MN-
terminally at aspartic and cysteic acid. This releases the C-terminal portion of the
soluble rHUPH20 at the agpartic acid at position 431 of SEQ ID NG:4. The C-termainal
fragments were separated and characterized to determine the sequence and abundance
of each population in Lot HUAOS0SMA and Lot HUBO701EB.

it was obzerved that the solable rHuPH20 preparations from 3D35M cells and
2132 cells displayed heterogeneity, and ucn‘mm?d polypeptides that differed from one
another in their C-terminal sequence (Tables 19 and 20). This heterogeneity is likely
he result of C-terminal cleavage of the expressed 447 amino acid polypeptide (SEG
D NG:4) by peptidases present in the cell culture medium or other selutions during

e proguction and punication process, The polypeptides in the soluble rHuPHIG
nreparations have amine acid sequences cofresponding to amine acids 1-447, 1-446,
1-445, 1-444 znd 1-443 of the soluble rHuPH20 sequence set forth SEQ ID MO,
The full amine acid sequence of each of these polypeptides is forth in SEQ ID NOS: 4
to 8, respecitvely. As noted in tabies 19 and 20, the abundance of sach polypepiide in

the soluble rHuPH20 preparations from 3035M cells and 2B2 cells differs

Table 19, Analysis of ( ~ferminal fragmments from Lot HUAGSISMA

Frag- | Amino Seqguenc Theor, Exp. Error | Elatic | Abund
ment | acid mass Mass 0 fime | -Amee

nosifion
{refative
to BEQ
RS T
£

D28s 1 431-447 | DAFELPPMETEEPQIFY | 205397 | 205442 | 045 9987 0.2%

SEQ 1D NOST

D28b | 431446 | DAFKLPPMETEEPQIF 189091 1ED128 | 037 97.02 18.4%

e

(SEQ ID NO:58)

D28 1 4314435 | DATKILPPMETERPQI 1743.84 | 1744.17 | 0.33 864 11.8%

SEQ 1D NO 59)

f‘-v.

D284 | 431444 | DATELPPMETEEPD Y3070 | 163107 | 832

~
N
Tn

| 56.1% !
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(SEQ 1D NO60) ‘g
DiBe | 431-443 | DAFKLPPMETEEP 1502.70 1502.28 1 0.28 77.36 13.6%
(SEQ ID NO61) _
;r D28 | 431442 | DAFKIPPMETEE 1405.64 NIy N/A N A 0.0%
5 (SEQ ID NO:62)
Tabie 20 Analysis of Cotermina! fragments from Lot HUBOTI1LEB
Frap- i Amino | Seguence 2 Theor. | Exp. Error | Eiunilon Abund
ment acid | pnass Masy fime ~Ance
position
Arelative
to SEQ
0 MO
4) _
D28a 431477 DAFEKLPPMETEEPQIFY | 205387 2054.42 0.43 G629 1.9%
(SEG ID NO:57)
D28 431446 | DAFKLPPMETEEPOIF 189091 1891.36 .45 2692 46,7%
D23c 431-445 | DAFKIPPMETEEPQI I 174384 | 174424 0640 | 8588 19,71%
(SBO ID NO:59)
D28d 431-444 | DAFKILPPMETEEPQ 1630.70 i631.14 .39 735 27.8%
{(SEQ D NO:6h)
D28e 431443 DAFKIPFMETEEP 1302776 1503.03 0.33 77.02 £.9%
(SEQ ID NGOG
D28f | 431442 | DAFKLPPMETER T 140sed [ ND NA | NIA 0.0%
(SEQ 1D NO:62)

Exarople 14,

Anti-tumer effects of PEGylated rHaPHZO and cytotoxic agents following

intravepous administration in prostete canter models.

The anti-tumor effect of co-adminisiration of PEGyiated rHluPH20 and the

eytotoxic agents docetaxel (Taxotere®, Sanofi Aventis) and lipesomal doxorubicin

(Doxi®; Ortho Biotech), was assessed using a hormone refractory prostate cancer

xenograft model and bone metastasis model.

A

Frogtate cancer xenografl model
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To establish PC3 peritibial hormone refractory prostate cancer xenografl
model, athymic male nude mice were inoculated intramuscularly with buman PC3
préstate cancer cells (1xl 0° cells per mouse in a total volume of 0.05 mL) adjacent o
the right tibial periosteum to generate tumors with 2 mean insterstial fuid pressure of
34+ 16 mmHg. The tumors were allowed o grow to 2 mean tumor volume of 400-
500 mrm’ befors initiation of treatment with sither cytotoxic agent/PEGvia
rHuPH20, cyiotoxic agent alone or PEGylated rtHuPH20 alone. Tumor growth was
romnitered using VisualSowics Imaging Micro-ultrasound system.

Mice in one group were infravenously administered 10 mgfkg Taxotere® {docetaxe])

d 10,000 U/mouse PEGylated tHuPH2O0 on days 0 and 7. This was periomed by
first drawing 0.1 mL Taxotere® (docetaxel) into a syringe, followed by 0.1 mL
PEGylated rHuPH20, then immediately imjecting the .2 ml solufion into the tail vain
of a mouse. These mice also received additional doses of 10,000 Ulmouse PEGylaied

HuPHE26 in 0.2 ml intravenously on davs 3 and 10, A control group of mice {G2)
recerved [0 mglkyg docetaxel G708 infravenously on days 0 and 7. Another control
group of mice recewed 30 mglkg docetax el Q7IDx2 inlravenously ondavs 0 and 7.
An additionsl control group of mice were administersd 10,000 Ulmouse PEG ylated
rHuPH20 intravenously on days 0, 3, 7 and 10, A final control group that received
only AP buffer also was inchaded in the study (G1). The tumor volume was
measured at various Hme points (Figure 1 and Table 21) and the percentage survival
to 15G0 m;_n‘ tumor volume also was observed (Figure 2). Table 22 presents znalysis
of the effect of co-administration of Taxotere® (docetaxel) and PR :Gylated rHuPH20
on survival, The Median Burvival Time (MET) (in days) was calculated by median
time to 1500 mm’ tumor volume based on mcividual animals in each group. The %
T/C s caloulated by 96T/C={T/C) x100, where T is the median survival Bme to 1500
mm® tumor volume in the treated group and Cis the median survival time to 3500
mm” tumor volurae in the APT buffer control group, By National Caneer Institute
{MNCI} criteria, a product - with & 9T/C over 125 % is considered active. The Incraase
in Life Span (ILS) is 2 measure of anti-tuimor activity caleulated as [(T-CYClx 100,

where (T-C) is the difference in the median day to 1500 mm” temor volume between
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the treated (T) and control (C) groups. By NCI criteris, a product with a %ILS over
25% is considered effective.

Co-administration of Taxotere® {docetaxel) and PEGylated rHuPH2Z0 resulted
in a synergistic tumor growth nhibition over a period of 72 days that was

significantly superior to that of docetaxel alone at 10 mg/kg given by Q7Dx2 or
PEGylated rHoPH20 alone, and an increase 1n survival ame {(defined g5 time (o reach
"Iy y AL

. . o 3
tumor volume of 1500 mm”).

Table 21, Effect of co-administration of Taxotere® {docetaxel} and FEGylated

rHuPH20 on tumor voluine,

Treatment Tumoy volume (mm3) at varions davs post-treatment
' Wi 4 | i3 21 27 35 42 |50 61 73
APl buifer | Av | 472.06 | 794.25 | 1077.2 | 15204 | 25494 | .
{sed devy SE {12628 | 17847 | 24670 | 71008 110957
Tanotere® | Av | 47154 | 407.04 | 401,10 | 40007 | 201.65 | 21373 | 147.05 | 1302 | 34303 | 8§5.5
{docetaxel} St | % | ‘} ‘; l
o~ ! . ! | ! 1 !
alone | D503 | 2076 L R2E5 0 64060 50171 47.61 0 3618 | 2948 1 g0es | 15325
Taxoters® Ay o A4T70.309 1 GRT.2T L OBED.25 ) 1011 12607 1 14410 1552 |
{dosetaxel) SE
{18 mplke)
atone 4956 G7.5 1 10658 | 13528 1 27812 | 40557 | 42594
PEGvlated Av | 46947 | 50638 | GDTDE 1 12136 1 20247
HaPH20 SE '
aione 115.5! 202 | 20224 1 33708 | 536.05
Taxotore® Ay 497 1419 9e L 302034 L 43173 1 36797 | 34R.28 1 574.69 | 72043 | 1106.2 14241
{dovstaxel) 5E
and
PEGyiated |
HUPH20 6552 | 74.5% | 11947 | 12087 1 8274 1 704 1 17941 | 18455 | 2RBS2 | 407.88 |

"

Table 22, Effect of co-administration of Taxotere® (docetaxel) and PEGyiated

a

rHaPHZ0 on survival.

P, | , |
Treatment of | . ZVETMEC . | gunT | om0 | SAILE | Povalwer
Mice Survival Time
Conirol (AP
e ii\‘ : 6 | mor+4as2 207 ; : -
Taxotere® e AT
(docetaxel} (10 | & | 3896+707 | 329 157 59 | M "f"’;ﬁ“?l
me/kg) alone canlio
SEGy IS ve. AP
,u‘.‘j’{?;ﬁiéaifqm 5 77274387 | 247 119 19 b o 3&1 !
igutih b bl ) SOnn
Texotere® | 7 6471+ 320 | 672 319 225 p=0.0002 |
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i {docetaxel) and i AP contrel, |

PEGylated A p=0.003 vs, ]
' rHUPH20 ! Taxviere® |
| {docetazel) |
l aione !

To assess the anti~-tumor effects of co-administration of PEGylated rEuPH20
and liposomal doxorubicin, taice harboring PC3 tumors were intravenously
administered 6 mg/icg Doxil® lipesomal doxorubicin and 10,000 Ulmouse
PEGylated tHuPH20 on Days 0, 7 and 14, This was performed by first dr awmﬂ 0.1
ml, Doxil® liposomal doxorubicin mito & syringe, foliowed by 0.1 mL PEGviated
rHuPHZ0, then immediately injecting the 0.2 mi sohation into the tail vain of &
mouse. These nuce also received additional doses of 10,000 Ufmouse PEGylated
rHuPH20 in 0.2 mL on days 3, 5, 10, 12, A contro} group of mice were intravenously
administered 6 meg/ke Doxil® Liposomal doxorubicia on days 0, 7 and 14. Another

control groups of mice were admunistered doses of 10,000 Uimouss PEGylated

5

rHuFH20 m 0.2 mb on days (4, 3, 5,7

TR SRR S S
& iHIAD CONWoE Zroun oat

recel \wd oni v APT buffer also was include in the study. Tumor volume was observed
atvarious time points (Figure 3 and Table 23). It was observed that the anti-timor

effocts of co~adminisiered PEGylated 1HuPH20 and Hposomal doxorubicn was

statisticaily sigmificantly superior to that of liposomal doxorubicin alone.

Table 23, Hffect of ro-administration of Doxl® EipUSﬁ'mm doxorubicis and

PEGylated rEulHE20 on mmor volume.

Twmor voluoe (mm3) at varions davys post-treatment

Freptment 1 é ER S 2 3
Contol | Ay | 53295 | o262 | 190897 | 2322 |
(4P |
Buffer) SE | 5580 | 17025 | 4534 | 46996
PEGylated | Ay | 467.52 | 48342 | 85046 | 1096.05 | 149548 | 1996.86
THUPHZO : T — -
ionc SE | 6026 | 10408 | 29035 | 35828 | 45749 | 426
Doxil®
fposomal | Av. | 454.89 | BBO01 | 1237.57 | 1236616 | 125625 | 1327.96
doxorabicin
(0mglkg) + 5p | gs21 | 92944 | 31760 | 26081 | 400688 | 41597
aione {
Doxil®
liposomal | Av. | 45295 | 35228 | 45197 | 497.52 | 36128 | 77027 | 12278
doxorubicin _
and SE_ | 3538 | 5578 | 5337 80,12 736 | 5591 | 11498
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rHuPH20 | | | ]

B,

C-AM-lae-C6 bone metastasis model

The PC3M-ac-C6 bone metastasis model was established in nude mice as

desoribed by Jenking et ol (Clin Exp Metast {2003) 20:745-756). Due to the

bioluminescence of the PC-3M-lue-C6 cells, in addition to monitoring the survival of
the mice, the mice were imaged to visualize the PC-3M-1uc-C6 metastases. Briefly, 7

10 week old nu/nn male mice {Charles River Laboratories) were angsthetized and

injected with 3 % 10° PC-3M-luc-C6 cells (a bioluminescent human prostate

carcinoma cell emt‘) suspended in 50 ul sterile DPRBS by intracardial injection on day
0. Mice were injected into the left ventricle of the heart by non-surgical means to
increase the potential for metastasis from PC-3M-lue-C6 cells. The intracardiac
injection of tumor cells bypasses the lungs and serves as a msthod to disperse cells
info veneral circulation in order to allow seeding of metastasis in multiple fissues
within afi amimal. A safisfactory injechion into the left ventricie was detectable within
minutes by biocluminescent nnaging (BLIy and was identified by an immédiate Tt
fransient systemic bioluminescence over the entire animal, as indicated by complete
blue signal BLI of mice. An insuccessful implantation produced a more localized
sigmal generally isolated and sustained over time solely within the thoracie region of
the animal. The animals that showed high bicluminescent signal in the chest on days 0
and 11 were exciuded from the study, Mice with suceessful infra-cardiac injection of
PC-3Wiuc-C6 cells on day O {n = 10-13 mice/Grp) were imaged twice ¢ week forwp
to four weeks and subseguently foliowed up for survival il day 49 and beyond that
time point In all the mice, early indications of metastasis to various iissues were
observed within fourteen days after injection of celils. The observed patterns of
metastasis indicated lesions developing in the thorax, jaw and/or leg of mice,

On day 14, the mice were subjected to one of several treatment regimens. A

set of control mice were administered AP buffer (10 mM Hepes and 130 mM NaCl,

CpH 7.0) only on days 14, 16, 18, 21, 23, 25, 28, 30, and 32. Two other sets of mice

recetved 30 my/kg Taxotere® {docetaxel} Q70%2 on days 14 and 21, or 10 mg/ky

Taxotere® (docetaxel) Q7Dx3 on days 14, 21 and 28, respectively, Another group of
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rice were administered 10,000 Uimouse PEGyiated rHoPH20 infravenously an days
14; 16,18, 21,23, 25, 28, 30, 32 and 35. Two other groups of mice received either
admixed PEGylated rHuPH20/Taxotere® (docetaxel) or sequentially administered
PEGvlated rHuPH20 then Taxotere® (docetaxel), The first of these groups were
infravencusly administered 10 mg/kg Taxoiere® {docetaxel) and 10,000 Ulmouss
PEGvylated rHulPH20 on days 14, 21 and 28 post injection. This was performed by
first drawing 0.1 mL Taxotere® (docetaxel) into a syringe, followed by 0.1 mL
PEGylated vHuPH20, then immediately injecting the G.2 ml solution into the tail vain
of & mouse. These mice alse received additional doses of 10,000 U/mouse PEGylated
rHuPH20 11 0.2 ml infravenously on days 16, 18, 23, 25, 30 and 32. The second of
these groups recerved the same dosing, but instead of an admixture of 10 mg/ky
Taxotere® {docetaxely10,000 U PEGyia'i:éd rEuPH20, the 10,000 Unit PEGylated

rHuPHZO dose was administered two hovws prior to administration. of the 10 ma/kg

e

axotere® {docetaxel) dose.

The mice were imaged as described previously (Jenkins e al. (20037 Clin Exp
Metast 20:745-756) using an IVIS® Imaging System (Xenogen) and analyzed using
Living Image® software (Henogen) ondays 0, 11, 15, 18,22, 25 and 29 to visualize
the biokuminescent PC-3M-lue-Co metastases. The initial signals at days ¢ and 11
were confirmed by subssguent images 111 day 29, and nearly all metasiatic sites
snowed 2 gradual incresse n bioluminescence over time. The in vive bicluminescent
signal from the jaw region of mice corresponds to micrometastases in the dental pulp,
mandible or cervival Iymph nodes. Lower Bmb in vive signals corresponded to
metastatic lesions identified i the tibia or fomur leg bones, The thoracic signals that
are observed n vive are associated with residual umor cells that had seeded into the
heart, lung or the pleural surface of the chest cavity. Mice with images indicating a
suceessful systemic injection on day 0 and showing in vive evidence of metastasis by
day 29 were included in the analysais of the treatment groups.

Taxotere® (docetaxel) admiristered intravenously at 30 meg/fkg on Days 14
and 21 represents the highest dose level at MTD (maximum tolerated dose). mages
taken from day 11 to day 29 indicate that the drug has significant inhibitory effect at

all metastaiic sites in the treated mice. The tmages on Day 11 show mice with
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representative metastatic patterns that gradually disappear with tirrﬁ-: as indicated by
the decrease in Biclurmnescence intensity detectable at day 29 nthe 10 out of 11
mice remaining alive at Day 29, A stmilar trend, but to a lesser extent, of
luminescence decrease was observed in the images of 10 mg/kg Taxotere®
(docetaxel) treated mice, with 8 out of 12 surviving animals at day 29 post-tumor cell
injection. In contrast, control ! PEGvylated yHuPH20 treated animals showed evidence
of 2 subsequent relapse in whole anirnal bioluminescence, indicated by a rehound
signal at day 29 a5 seen from the images of 6 surviving mice. Images at day 20 of
mice that received admixed PEGylated rHuPH20/ Taxotere® (docetarel) and mice
that received sequentially administered PEGylated rHuPH20 and Taxotere®
{docetaxel) dernonstrated unchanged to reduced levels of BLI signal arnount and
infensity, indicating stabilization of turnor dissemination fo bone sites. In particular,
four mice that received sequential doses of PEGvlated rHuPH20 and Taxotere®
(docetaxel) appeared to have become completely signal free on day 29, indicating
possible cures or long term survivors effects,

The survival rates of each group of mice 49 days after intracardial injection of
PC-3M-luc-C6 are presented in Table 24, It was observed that co-administration of
10,000 anits PEGylated rHaPH20and 10 my/kgTaxotere® (docetaxel ) resulted in
greater anii-furnor achivity fhan freatment with 10 mg/kg Taxotere® (docetaxel} alone,
Table 24, Effect of co-administration of PEGviated rHuPH0 and Taxotere®

{docetaxel} of sarvival i 5 PC-3M-Ine-C6 bone metastasis model

Treatment : Mumber of, Neo. of anfroals alive Yo survival
Animals af day 49

AP buffer 13 3 23.08

Taxotere® {docetaxel} [ 110 20.91

(30 mg/kg)

Taxotere® (docetaxel) 12 8 T5.00

(10 mg/kg)

PEGylated rHuPH20 10 4 40.00

PEGvlated rtHoPH20 13 13 100

and Taxotera®
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ldocetaxel) {admixed)

| PEGylated rHuPH20 11 i0 $0.91

and Taxotere®
{docetaxel) (sequentiaily

2 hrs apart)

wm

Examnple 15,
Toyieity btadies ~ PEGylated vHuFHZO alone and in combination with docetaxel
For a toxicity study of PEGylated rHuPH20 alone and in combination with
Taxotere® (docetaxel), nude mice were administered various doses of PEGylated
rHuPH20 with 10 mg/kg Taxotere® (docetaxel). Control groups of mice receiving
PEGylated rHuPH20 alone, Taxotere® {docetaxel) alone or AP bufler alone alse

were inciuded in the study. Table 23 sets forth the treatment regimen for each group

of mice. For toxicity studies, body weighis and in-life chservation wers monitored
over the vourse of study for up to 26 days. Complete blood um—:zmst' with

and serum clinical chemisiry was assessed on whole blood and seram

samples by an external Contract Research Organization, BloQuant Ine (San Diego,

Tables 26 and 27 and Figures 4 and 5 set forth the changes in body weight

3

lowing administration of PEGylated rI-luPH20 alons, PEGylated

P
=
i

1}"H.2(}/Taxctaz‘@® (docataxel) and Taxotere® (docetaxel) aldne. Table 27 and

Figure 6 set forth the number of ranulocyies in the blood of mice admuntsterad

v
‘ﬁ

“Gvlated tHuPHZ0 alone, PEGviated rHuPH2O/ Taxotere® (docetaxeal) and
Taxotere® {(docetaxel) alone, and Table 28 and Figure 7 set forth the serom albumin
tevels in mice adminigtered PEGviated rHuPH20 alome, PEGylated

rHuPHZI/ Taxotere® {docetaxel) and Taxotera® (docetaxel) alone, ThP nOTINal Tange
for pumber of granwdocytes in the blood of healthy mice s 1.2-6.8 %107 cetis/ul, and
normal serum albumin ranges are 2.5-4.8 g/dl. It was observed that co-
administration of docetaxel and PEGylated rHuPH20 was well {olersied with no
significant increass in newtropenia {as indicated by no significant reduction in

granulocytes) and was betier tolerated compared to docetaxel treatment alone at
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maximum tolerated dose (MTD) 0f 30 mg/kg. Admintstration of PEGylated rHuPH20

alone at doses of upto 30,600 U/mouse also was well tolerated.

Table 25, Treatment regime for PEGyiated rHuPH2/Taxotere toxicity study,

Growup Droge - Dioge Volume .
Mo. | Houte pase (mLimouse) | 0S¢ Frequency
1 v | AP Buffer (control 0.3 Study days
groun) ' 0,3,7,10,14,17,21,24
5 7 PEGylated rHuPH20 04 "tudy days
- B (3,000 Ulmousea) "’ 0,3,7,10,14,17.21 24
; v PEGviated rHoPH20 03 Study da‘ys
i {7,000 Umouse} ” 0.3,7,10,14,17,21,24
4 - PEGvylated rHuPH20 02 St udy days
. (10,000 U/mouse) - 0,3,7,10,14,17,21,24
. v PEGviated rHaPH20 0.3 Stady days
© {30 000 Umouse) ) 0,3,7,10,14,17,21,24
PEGvlated rHuPH20 Study days
G v {3,660 U/mouse) + 63 0,7,14,21] plas PEG
) B Taxotere® {(docetaxel) ‘ alone on days
(10 mp/k) 31
; | (7,000 Ulmouse) ’ 03 0,7,14.21 ;nvs PRG
Taxotere® (docetaxel - alone on days
(10 mg/ke) 3,10,17.24
PEGylated tHaPH20 Study days
_‘ v {1{? 000 © /mcufsa) 03 0,7,14,21 plas PEG
E ; Taxoters® {docetaxel) - alone on days
| {10 msz/\ff} ‘ 3,10,17,24
' Study days 4,7,14
g 1y Taxotere® {docetazel) 05 plus AP] buafer
{10 mgfke) ’ alone on days
3,16,17
Study days G,7,14
10 v Taxotere® (dovetaxel) 04 plus API buffer
(30 mglke) ' alone on days
i 310,17

Table 26. Change in body weight iolicwing adminisiration of PEGyiated

rEHuPHZ) ddone.

Diay Percentage change in body weight
AP Buffer | PEGylated | PEGylated | PEGyiated l PEGvylated
{conrol | rHupPH20 } rHuPHZO rHuPH20 E HuPH20
group) i {3,000 | {7,600 (10,000 l (30,0600
l; Uimouse) ;1 Uimouse) U/mouse) Ulmouse)




r ; ) o - ; T
Av. |SE | Av. |SE |Av. [SE |Av. [SE [ Av. |SE
3 |
-4.3 1.4 -1.8 2.1 -12 2 =122 41 =137 1.3
]
P ;
i 0.2 1.7 -8 11 -12.8 2.9 -8.2 0.8 % -12.6 1.4
7 | |
| 2.4 1.5 &4 1.5 -11.3 3.4 -7.9 1 i1.] 1.8
id ) _ .
2.8 0.8 -9.5 1.2 -8.9 12 =77 1.1 -10.1 2.4
4 .
13
-1 i -8.5 1 2.4 2.7 -5.6 23 5.9 2.1
14
2.4 1.5 -3 1.2 -394 0 43 -2.8 4.2 3.9 2.3
17
~1.9 1.1 -5 .7 -4.7 2.4 -1.2 g -4.7 2.2
19
0 1.7 0.8 1 -13 0 3 0.5 0.8 -8 2.9
21
1.5 2.2 3.5 1.5 0.7 2.5 2.1 2.5 -39 3
L , -
0.9 1.9 1.2 2 -0.4 1.5 5.1 2.9 2.6 247
6 ; .
0.2 1.9 -0.4 1.5 2.1 1 1.2 6.7 5.3 4.5 3.2
Table 27. Change in hody weicht following sdministration of PEGvisted
rHuPHZI/ Taxotere® {(docetaxel) or Taxotere® (docetaxel) nlone
[E}ay ' Percentage change in bedy weight
APIBuffer | PEGylated | PEGylated | PEGylared | Taxotere®
| (control PHePH20 | fHuPH20 } PHuPH20 | (docstaxel)
group] (3,600 (7.000 L (10,000 (10 me/ke)
Ulmouse)+ | Ulmouse) + | U/mouse) +
Taxotere® | Taxotere® | Taxoters®
(docetaxel) | (docetaxel) | (docetaxel)
{10 mg/kp) {10 mpfke) {10 mg/ke)
Av. 18R lAv. 188 |Av. [SE [Av. [SE |Av. |5E
3
43 b4 | -14.9 31 -139 261 -11.8 1.2 -~ G.6
” 021 17 -158 sl oas3 i 3zl oaeel 13l 3% 15
! -2.4 1.5 -18.B 281 134 131 -12.7 0.6 -5.5 1.8
10
i -1.8 081 -17.1 2.2 1 «12.1 2.5 <128 1.1 -4.9 2
P12
ﬁ -1 i ~17 2.2 -14.7 3.6 -13 1.3 -5.8 2.2
‘ 14
‘ 2.4 1.5 ~15.2 350 103 4 -8.4 0.7
17 ﬂ |
1 g9 nid 167l anle02] 371 080 12 |




19 '
¢ 1.7 -15.3 2.3 - 3.6 -8.6 2.2

5

! 151 22
24

0.5 1.5

26
2 0.2 1.9

Table 28, Number of granulocyte in the blood of mice following administration

of PEGylated ri{aPH 208/ Taxotere® {docetaxel) or Taxotere® (docetaxel) alone,

Treatment MNuraber of sranulecytes in the blood (1 % 1@3pr}
biouse 1 * Miowuse 2 Fiouge 3 TWiean

AP Buffer 2.9 4.1 3.8 1.6
PEG rHuPH20 ; ) .
. : 1 3. 5.5 3.8

(3.000) 3 34 5.5 3
| PEG rHuPH20 . | , -
(7,000 1) 5.5 2.0 3.5 5.6

PEGrHUPHZO .

) 3. 8.4 10. 3
(10,000 1) 5.7 8.4 0.8 8.3

PPRG yHePH20 !

(EO’U{}OU) L e : P : E

PEGrHaPHZ0
(3,000 U) +
Tanoters@®

{docetaxel)

)
iz
]
=

1.1 2.3

PEGrHuPHZO -
(7,000 U) +
Taxotere®
{docetaxel)

PEG rHuPH20 | !
(10,000 Uy + , , :
Taxotere® ) o ’ -

(docetagel)

dn

pen
P
1~
)
]
LA

Taxotere®
{docetaxely (10
mgko)

[
[

0.9 0.7 1.6

Taxotere®
{docetaxel) (30 1.1 2.4 1.7 1.7
mefks)

£

Table 29, Albamin jevels in mice following administration of PEGyiated
e o

yHuPHIV Taxotere® (docetanel) or Taxotere® {decetaxel} alone.

Treatment Afbumin fevels {o/dl)

Micusel | Mouse2 | Moused | Mean
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APl Buffer 2.4 23

]
(S

2.3

PEG rHuPHZ0 :
(3.000) 1.9 2 1.9 1.9

PEG rHuPH20 - , |
: 2 . .
(7,000 U) o . Le

PEGrHuPH20

2 1.7 1.5 1.7 y
G0.0061) | 17 1.8 17 1.7

PEG rHuPH20 - . -
(30,000 U3 L. 1.9 1.7 1R

PEGrHuPH20
(3,000 Uy +
Taxotere®
{docetaxel)

PEGrHePH20
{7,600 Uy -+
Taxotere®
{docetaxcl)

FREG rHnpH20
(16,600 U) +

Taxotere®

T

1.7

w3
2
s
1
rort
.
el

Taxotere®
{docetaxel} (10
g/l

-2
—
ty

2.0

Taxuters®
(docetaxel) (30
mg/ke)

-
5]
s
o
o]
(5]
s

Exarmple 16
Antitumor Activity of PEGyiated rHuPH20 Alone in PC3 Henvgraft Model

To dernonstrate antitumor activity of PEGylated rHuPH20 alone, the PC3
xenograft model described in the Examples above weas used to measure turnor growth
following repeated and sustained administration.
AL Hepeated Dnlravenous administration of PEGyiated vEHuPH2Y produeces anti-
tumoyr effects in the PCI human prostate cancer model

The PC3 human prostate cancer model was generated as described above.
Athymic male nude mice were inoculated intramuscularly (IM) with human PC3
orostate cancer calls (1x10° celis per thouse i a total volume of 0.05 mL) adjacent to

LTl

the right tibial periosteum (o generate mrnors with high interstitial fuid pressure.

Tumors were allowed (o grow to a mean tumor volume of 400-500 mm”® befors
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initiation of intravenous treatment with contrel vehicle and varying enzymatic unit
(U} amounts of PEGPHZ0, as follows. Five groups of mice were used. Control
vehicle was administersd to group 1 (eleven animals); 1000 U PEGyiated tHuPH20
was administered to each animal in group 2 (eight animals); 3,000 U PEGyiated
rHuPH20 was administered to each animal in group 3 (elght animalsy; 10,060 U
PEGyiated rtHuPH20 was administered to each animal in group 4 {eighi animals); and
30,000 U PEGyiated tHuPHZO was administered to each animal in group 5 (eleven
animals). PEGylated tHuPH20 or control vehicle was administered tc each animal,
three times per week (Q3W), every other day (EOD), Monday, Wednesday and
Friday, for a total of eight doses: one dose on day 0, and then on day 3, 5, 7, 10, 12,
14 and 17,

Tumaor volume (mim” ywas measured over the course of the study in each group

of animals, at davs 2,4, 7, 11, 14 and 18 by capturing images using the VisualSonic

ultrasound systemn and using an ultrascund unaging software program. The data are

AN I L EDLS DU, DEIOW, BITOT DArs I i
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standard error, which also 13 listed in Table 30, The results demonstrated that sach
dose of repeated intravenous PEGylated vHuPHM20 saused a reduction in fumor
growth, as avidenced by smaller tumor volames at each post-treatment time-point, .
compared with the control group.

Table 3% Repeated Systendc Administration of PEGylated rHuaPH2ZD

Reduoees Tumor Growth in PO3 Tumor Mode}

Aovount PEGylated Tursor volume (mm3) af varions days compared io
rEuPEZY per mouse (each initintion of treatment
treatment) L2 4 7 i1 14 15
) Averape 406.97 OS89 | 1017.05 1 120100 1 1733.69 | 19420
O leomtrol) e erd Error | 15.86 | 5261 | 7082 | 7572 | 8888 | 1BL%
. - o s P 3, QL 1 A
LOGO U Averzge 418.48 436,01 586,78 1 92900 | 1291.84 | 1463.20
? Stansurd Errar 18.14 43,75 69.07 11370 128.89 205.63
30000 Average 42224 496.53 567.40 905.50 12831.85 1 140997
P Standard Drror 17.13 27.68 32.58 53.39 132,05 192,94
£0.008 T Average 47319 42538 507,00 865.88 118050 | 1405.52
T Stapdard Brror 16,79 14,30 34,13 57.35 8483 £9.91
20,500 U Averzge 416,25 =L70.?8 589,66 21517 . 102930 | 1303.40
’ Standard Error 13.42 27.90 35.04 73.87 1 119.18 127795

To demonstraie remnoval of HA in the tumors of tresied animals, tamors from

ammals i each group also were isclated, fixed and sectioned, as descobed in
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Example 8B.2, sbove. 5 pim sections were stained, as described in that Example. For
immunchistochemistry, 5 urn fumor sections were Stained using 2 biotin labeled
hyaluronan binding protein (FHABP-bio) (Setkagaku, Japan). After washing o
remove the primary reagent, a FITC-labeled streptavidin (Vector Labs, Canada) was
used as a secondary reagent. Nuclel were counter-stained using a DAPT (4,6
diamidino-Z-phenvhindele) reagent. Micrographs were captured via a Nikon Eclipse
TE2000U microscope conpled to a Insight FireWire digital camera (Diagnosiie
instruments, Michigan), The resuits revealed no visible staining in tumors of each of
the treated animals, demonstrats ing that systemic administration of 1,000, 3,000,
10,600 and 30,60@ U PEGylated rHuPH2O removed all detectable hyvaluronan in distal
tumors in this human prostate cancer anirnal model.

B. Sustained, Systemic Exposure to PEGylated rHuPH20 Reduees Tumor

“olume.

human PC2 prostaie cancer celis (1 x 10° cells per mouse, total v ¢ of 0.05 mL)
adjacent to the right tibial peniostenm. PC-3 peritibial tumor beaning milce with
approximately 300 mm® tumor volumes were mplanied sub-cutaneousty (SC) with
Alza pumps {Alzet® mini-osmotic pumps, Model No. 2002, Durect Corperation,
Cupertine, CA), containing conirol buffer (API buffer) (5 animals — control growp) or
PEGylated rHoPHZ0 (5 animals}, at approximately 20,000 enzymatic units (U) per
0.2 ml volume (0.7 mg/mouse {35 my/Kg) administerad io each mouse over 12 days),
For each group, the pump delivered 0.5 microliters per hour, over 14 days, which, for
the group treated with PEGvlated rHuPH20 was equal io 50 U per hour; 1,200 U per
day. .
Twmor velume {mm”ywas measurad prior fo freatment at day -1, and at

termination of the study at day 12, by capturing images using the VisuaiSonic

ultrasound system and vsing an ulirasound ymaging software program. The results are

™
13

et forth in Table 31, below. As noted i the Table, one mouse in the control group

wes found dead before the conclusion of the study.
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Tabie 31 Continuous Administration of PEGyated rHaolPH2) Reduoess PC3

P

Tumor Yelume

Tamor Volume {min’)
Treatment Groups :
Dray 1 Tray-12
, Found dead )
Mouge 1 1 60.892 _ Found dead
Mouse 2 24518 7722
Control (APT | Monse 2 54,50 083 69
Buffer) | Mouse 4 355 743,72
| Mouse 3 447500 Q54,37
Average {* ) 201 5643 55 867.25 % 62.15
. - Mouse 1 vy ,
| 20,0000 178,91 324.27
I +,
CMouse 2 J— .
{total} per 212,19 43867
Mouse 2 o ox o
rROnEe 262.65 264
Mouse 4 oe 1 &
’)EF"}JT&J 286,13 42585
Mouse 5 = . e
L - - 560,42 . 24508
| Awerage “5E | 300 06 = 57 67 ! 130 nng T ag o

As set forth in Table 31, sustained intravenous exposure to PREGylated
rHuPH20 (20,000 U total, over 12 days) reduced tumor growth, compared (o the
control animals. A significant difference {p < {.0015) was observed st day 12,
between tumor volumes in the control group and the group treated with PEGylated
HuPHZ20, Thus, continuous administration of PEGylated rHuPH20 has antitumor
effects in a human prostate tumor xenograft model.

Body weights of the mice also were measured on days -1, 0, 4, 6, & and day
11. These results ars set forth in Table 32, below

Table 32: Body Weighis afier Continuons Admwwﬁramm of Coniroel Buffer

PREGylated rHuPH2O

Day § Day 4 Day 6 Day 8 Day 11
Treatment Groups ey - oy ‘ T - o T
L O gy R T R ey RO ) oo
Comtrol | Mowsel | 9375 | 000 | 2054 | -1352 | 2046 | -13.85 | 2031 | <1448 | fd | N/A
AAPL 1 Mouse 2 22.8 0.00 ] 2333 237 2387 L 382 1 2324 | 183 | 2284 | 368
Buller) o 9307 | 000 | 2205 | <adtl | 2202 | 557 | 2245 | 352 1 13 1116
Moused | o1y | o000 | 2182 | 000 | 2157 | 15 | 2196 | 0.64 41 1 270 |
MeuseD 1 2532 | 000 | 2326 | -814 | 2302 | -8.69 | 23.55 | 699 | 2426 | 407 |
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Avg 2339 0 2200 1 -483 1 2217 1 505 | 2230 | -4.49 | 2333 ; 0.20
20,060 U | mMovse | 2576 000 | 2392 | -734 | 2406 | -6.60 | 2479 | 23777 | 2608 | 1.34
(tsz} ouse 2 2424 000 | 23.01 | =507 | 23.41 | -3.42 | 2338 | 355 | 2332 | -3.80
momse | MOME2 | 2470 | 000 | 230 | ~648 | 2336 | -543 | 2342 1 -5.1% | 2393 | -3.12
PHEGyla | Moused 3297 000 | 226 -1.61 2336 | 170 12264 | -144 | 2301 | 047
ied Mouse 5 2126 1 006 | 1971 ~7.29 20.02 1 -5.83 | 2092 | 155 ) 2131 | 024
rHuPH
g Avg 23,79 6.00 | 22.47 S552 0 2284 0 23927 2203 1 .39 | 23.53 ~1.05J
- ; i

* Avg = average, BW (g) = body weight in grams; % Ch = percent change from day

zero; i = found dead.

iy

Fr vive HA Reduciny Acthity an

A. Systemic Adminisiration of PEGylated rBuPI0 Removes HA in a Plarality

Example 17

WMultiple HA-Expressing Tumors

g

Expression of hyaluronan (HA) was assessed, as described in Example 88.2,

&

above, in various tumors in animal models of tumors {listed i Table 33, below) two

hours after intravenous administration of vehicle or PEGylated rHuPH20 (10,000

4 Aptitamoer Activity of PEGylated rHoPH2 in

Ufmouse = 15 mg/Kg). The models were generated, as described below, from wvarous

cancerous cell lines.

15

{Zell lines

The cancerous celi lines used to mnake the animal tumor models are Hsted in

Table 33, below, Humean hormone refractory pmstate cancer cell lines {PC3

DU145); human pancraatic cancer cell Jines { MIAPACA T1, ‘BXP(""} human breast

cancer cell hne (MDA MB 231}; human colon cancer cail hnes ( HCTT16, HT29) and

[
<

human non sinall cell ung cancer cell line (NCI HAGD) were purchased froma ATCC

Manassas, ¥V A). The Dunning rat prostate cancer cell line (Mat LyLn) was a kind gift

from the Department of Medicing, Physiology and Oncology, McGill University

Health Centre, Monireal, Quebec, F2A 1A1 Canada. The mouse breast cell line (471-

GFP) was a gift from Sidney Kimmel Cancer Center (SKCC, San ntnego, CAS The

J
[

myman pancraa’fi{: cancer cell e, Capan-1 H2B, was 2 gift from Sidney Kimmel

Cancer Center (SKCC, San Diego, TA).
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The PC3 cealls were maintained in Ham's F12K medinm (Mediatech Inc.) with
2 mM L-glutamine, adjusted to contain 1.5 /L. sodium bicarbonate, with 10% Fetal -
Bovine Serum (FES). MIA PACA I cells were maintained in Dulbecso's Modified
Eagle's Mediom with 10% FBS (Mediatech Inc.) Mat LyLu cells were maintained
RPMI 1840 with 10% TEBS, 2 mM L-glutamine and 250 nM dexamethasone. Other
cells were maintained in RPMI 1640 mediom with 10% FBS. The PC3Y human
nrostate cancer animal model was generated as described m 1*)(&?{1;)1\, &, above,
Amimals were selected with tumor volumes that had reached approximately 400-800
w°, and then treated by intravenous mjection of vehicle or PEGylated rtfuPH20
{10,000 U/monse = 15 mg/K.g).

(i) Animal fumoer models

PC3 and DuldS human prostate xenograit models

The PC3 and Duldd xenograft tumor models were generated as follows, using
PC3 and Dulds cells, respectively, Tumor cells at approximately 80% conflueney
were frynsinized, harvested, washed once in HRES (Hank's halance sait solation.
Mediztech Inc.), and re-suspended in 30% Matrigel® in HBSS at 2x107 sells/mL on
ice before inocnlation inte animals. Athymic male nude mice were inocunlated
intrarmuscularty (IM) with 0.03 mL of this cell suspension, peritibially, in the lefl hind
leg {(adjacent to the fibie periosteum). When the volume of umeoers in the animals
appearad to reach 400 to 300 mm’®, actual tumor volumes were determined using
VisualSonics nitrasound, using two perpendicular axial dimensions.

Animals were randomly grouped into two groups of 3-4 animals cach, and
freated by infravenous injection of vehicle (AP buffer) and PEGylated tHuPM20
{10,000 Ulmouse = approximately 15 mg/Kg), respectively. Tumor tissues wers
harvested 2 hours after the treatiment and fixed in 10% Neutral buffered Formalin
selution (MBF) for further histological evaluation.

WMUIAPACA IL, BEPCS3 (buman pancreafic cancer models), HUTi1
HT29 (human coton cancer models) and NCI H460 (human non-soiall iuﬁm
cancer tmodel)

The MIAPACA TI, BXPC3, HCT116, HT28 and NCI H460 xenografl tumor
models were generated as follows, using the MIAPACA 1, BXPC3, HCTE 16, HT29

and NCI H460 cells, respectively. Tumor cells at :mammma by 80% confluency were
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trvpsinized, harvested, washed once in HBSS (Hank’s balance salt solution,
Mediatech Inc.), and re-suspended in HBSS at 22107 calle/ml on ice before
inoculation into animats. Athymic female nude mice were inoculated intramuscularty
(IM) with .05 mL of cell suspension, peritibially, in the left hind leg (adjacent to the
tibia periosteun). When the volume of tumors in the animals appeared fo reach 400 to
500 mm’, actual tumar volumes were determined using VisualSonies ultrasound.
Animals were randomly grouped into two groups of3-4 animals each, and treated by
intravenous intection of vehicle (AP buffer} and PEGvlated rHuPH20 {10,000
U/mouse = approximately 15 mg/Kg), respectively, Tumor tissues were harvested 2
hours after the treatment and fixed in 10% Neutral buffered Formalin solution (NBF)
for further histological evaluation.

MDA MB 231 horean breast cancer xeaograft model
AR 231 buman breast fumor xeno graft mode! was generated ag

follows, using the MDA MB 231 cell hne. Tomor cells at spproximately 509
7 & p. -

harvestes, washed on

N LI
..... EAVEW RS 3

conituency were mypsunzed ein HBSS {(Hank's balance sait
solution, Mediatech Inc.),-and resuspended m 50% Matrigel® in HBSS solution at
4%107 celis /mL, on ice, prior to inoculation. Athymic female nude mice were
inocuiated orthotopically in the mammary fat pad with 0,05 mL of the cell-Matrigel®
suspension. Due to poor tamor take, tumor tissue transplantation was perforred to
zenerate more tumor beanng animals for the study. Animals having tumor volumes of
more than 500 mm® were selected and turnors excised from these animals, rinsed in
sterile medium and minced with a blade into 1 mmm cubes. These tumor tissues then
were implanted i the marnmary fat pads of female nude mice using a Trocar. The
i@r*;gth (L) and width (W} of the solid turnor mass were measured with a caliper twice
weekly and the tumor volume (TV) was caleulated as: (L x W 2}{2. When the volume
of their fumors reached about 1000 mm’, antmals were divided rapdomly info two
groups of 5 mice cach, and animals in the two groups treated by intravenous injection
of vehicle or PEGylated yHuPH20 (3000 Ufmouse = approximately 4.5 meg/k g},
regpectively. Tumor tissue were harvested 3 days after the treatment and fized in

10% Nentral buffered Formalin solution {NBF) for further histological evaluation.

-

Capan-} huoean pancreatie tumor xenopraft model



10

20

[
g

30

- 225 -

The Capan-1 buman pancrsatic xenograft tumor mode] was generated, as
follows, using the Capan-1 HB2 cell line. Turnor cells at approximately 80%
confhuency were trypsinized, harvested, washed once in HBSS (Hank’s balance salt
solution, Mediatech Inc.), and resuspended in HRSS solution at 5x107 cells /ml., on
ice, prior to inocﬁlatian. Athymic female nude mice were inoculated subcutaneously
with 0.1 mL of the cell suspension. The length (L) and width (W) of the solid tumor
mass were measurad By caliper twice weekly and the f:um.ﬂr volume (TV) was
caleulated as: (L x W22, When fhe volume of their turnors reached approximately
zbout 500 - 700 mm’, animals were divided randomly into two groups of 3~4 mice
each. Amimals in these groups were treated by intravenous injection of vehicle (AP] .
builer} and PEGylated rHuPH20 (5000 U/mouse = approximately 7.5 mg/Kg),
respectively. Tumor tissues were harvested 3 days after the reatment and fixed in
10% Neutral buffered Formalin solution {NBF) for further histological evaluation,

4T1-GEP breast cancer fumor Model

TP AT TR s orb penems e e o) et wepem s gt gd wnos St
L8 s Ly DTEast Camier Molol Was gantraled 85 1o

GFP cell line. 4T1-GFP tumor cells at ~ 80% confluency were trypsinized, harvested,

washed once in HESS (Hank’s balance sait solution, Mediatech Inc.), and

resuspended in HRSS at 2x10° cells/mL on ice, prior to inoculation. Female Ralb/c

“mice were inoculated orthotopically in the mammary fat pad with 0.05 mL of the cell

suspension. The length (1) and width (W) of the solid fomor masses were measured

_ by caliper twice weekdy and the tumor volame (TV) was calculated as: (L x Wz)/Z,

When the turnor volume reached approximately 500 - 700 mn®, animals were divided
randomly into two groups of 3-4 mice eacly, and the groups treated by intravenous
injection of vehicle and PEGylated rHuPH20 (10,000 U/mouse = approximately 15
mg/K.g), respectively. Tumor Hissue were harvested 2 hours after the (reatment and
fixed in 10% Neutral buffered Formalin solution {NBF) for further histological
svaluation.

Mat LyvLa rat prostate tumor Wode}

The Mat LyLu tamor model was generated using the Mat LyLu cell line, as
follows. Tumor cells at approzimately 80% confluency were trypsinized, haweé;ted,

washed once in HBSE (Flank’s balance salt solution, Mediatech Inc.), and
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resuspended in HBES at b:lizs cells/mL on ice, prior to tnoculation. Athymic male
nude mice were inoculated intramuscolarly with rat Mat LyLu prostate cancer cells
(2x10° calls per mouse in a total volume of 0.04 mL} adiacent to the right tibial
periosteum. When tumor vohumne eppeared 1o reach 400 to 5060 m’, actual volumes
wers determined using VisualSonics ultrasound. Animals were randoraly put into two
groups of 3-4 each, which were ireated by mntravenous injection of vehicle and
PEGyiated *HuPH?20, respectively., Tumor ﬁ ssues wers harvested 2 hours after the
treatment and fixed in 10% Newiral bufiered Formalin solution (MBF) for further
histological gvalustion.
(i) Emmﬁa@hiﬁ@cif;em_%f.\; try

The fized tumors from each animal model (Example 17A(11), above) wers cut
into 5 wm sections, To assess amount of hyaluronan (HA) 1n the harvesied tumor, the
sections were stained using a biotin labeled hyaluronan binding protein (HABP-bio)

(Seikagaky, Japan). After washing to rernove the primaz"y reagent, a FiTC-labeled

Pake:

po [ et e tri vty oyl a e e iy
Lo DULCT SOl I CPRan il tIOT I

GFP tumor sections; Vector Laps, Canada) was used as a secondary reazent. Nuclei
were counter-stained using a DAPT (4 6-diamidine-2-phenviindole) reagent,
Micrographs were caprured via a Nikon B chps“ FE2000U microscope coupled © a
Insight FireWire digital camera (Diagnostic Instruments, Michigan).

HA expression in the sections was graded by the level of flucrescent intensity
~in the sectons {in the womor area and the associated stromal area), using a scoring
system ranging from 4+ (intense staining in greater than 80 % of the visual field), to
+/- {sparse staining), to ~ (no visible staining). The results are presented in Table 33,
beicw, The table indicates the name of sach cel! line used o generate the mouse
senograft models, the tvpe of fumor and species the cell line was isolated from.
Degree of HA eﬁz‘pressi@n is indicated for each tumaor type model, after freatment with
vehicle and PEGylated tHuPH20, The results indicate that HA cxpre:s'sian was

reduced by freatment with PEGylated tHuPH20 in all HA-expressing turnors. As
noted in the Table, the HT29 nimor sections and the Capan-1 tumor sections {from
animals injectad with vehicle) exhivited negative staining in pericellular areas and

positive staining in stroma, prior o PEGylated.
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Table 33: Hyaluronan (HA) Expression Reduction in HA-Expressing Tumors
Fallowing Systemic Administration with PEGviated vHuPT20

,M
o

o HA expression in Tomor tissae
Tumor e:c,“ fine Taroor Source
Tumor Type i PRGviated
name Species Yehicke
: rEaPHZ)
i Humman R
PCAA Frostats ke
ey , Mouse - -
4T1 Breast -t
. ! Human -
MIA PACA IT Pancreas et
Human -
BxP(3 Pancreas A ft
: Hat -
MatLyly | Prostate * +
) l Human ' -
MDA MB 23] Breast - +
N Human .
HCT 116 Colon e
ey s \ Fumen -
HT2a Colon Ao/
v e : Huy -
NCEHAGO NSCLC HEd v
. Human -
ulds Prostate e -
Capan-i® | Papcroas ) j - i
* MNegative staining in pericellular areas; positive staining in stroma
B. Dose-Dependent Removal of Tumor HA by PEGyiated rHeFPH20 in

Exemplary GA-Kich Tumors
Animals in one exemplary HA-rich (++) tumor modfﬁ, 4T1.GFP, penerated a3

described above, were treated with vehicle and vanous amounts {10, 100, 1,000,
3,000 and 10,000 enzymatic units (U} per mouse) of PEGylated tHuPH20, Three
davys (72 hours) after adminisivation of this treatment, peritibial fumors from the mice
were harvested and fixed in normal buffersd formatin. Levels of hvaluronan (HA) in

he tumaors were assessed by immunohistochemistry (IHC), as described in Example
174, sbave, using avidin-Texas Red as a secondary. Hematoxyhin/Bosin (H&E)
staining also was done on the turnor sections. The results revealed a dose-dependent
reduction in HA staining in the tumor sections from animals treated with 100, 1,000,
3,060 and 10,000 U PEGylated rHuPH20. In the sections from animals receiving

1,060, 3,000 and 10,000 U PEGylated rffuPH20, no visible staining was observed.
These results indicated that a single systemic admimstation of PEGylated rHuPH20

can reduce hyaluronan in 2 breast distal tumor model for at Yeast three days,
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C. PEGyiated rHuPH20 Administration Inhibits Tumor Growth and Increases
Survival in HA-Rich Tumoer Medels

To demonstrate that repeated administration of PEGvlated rHuPH20 alone
produces anti-tumnor effects in a plurality of tumor model systems, tumor growth and

survival was assessed in three different mouse tumor medels generated using cell

lines listed in the previous example. In these stadies, two different prostate cancer

_r?

models (PC3 (HA +++, as defermined m Example 174, above) and Mat LyLu (HA. +,
as determined in Example 174, above)) and one breast cancer model (471-GFP (HA
++, a5 determined in Exampie 17A, above) were treated with PEGylated rHuPH20.
For these studies, a total of six groups of mice (one conirol and expermental
group for each tumor modsl, respectively (o = 6-8 animals per group) were dosed ag
described below with PEGylated rtHuPH20 and assessed for tumor volume and
gurvival. For each group, tamor growth was measured before treatment and then

menitored over the couvrse of treatment using the VisualSonics Imaging Micro-

g T

was assessed by equating 2 1500 mm® endpoint tumor volume 6 & moribund state, 25
described below.

The PC3 huoman prostate cancer model was generated as described above.
Athymic male nude mice were inocuiated inframuscularly with human PC3 prostate
cancer cells (1x10° cells per mouse in a total volume of 0.05 mL) adjacent fo the right
tibial periesteurn to generate turnors with Ingh interstitial fluid pressare. Tumors wers
allowed o grow o a mean tumor volume of 400-500 mm’ before initiation of
infravenous reatment with 3,000 érzzyma‘dc units {U) per mouse of PEGylated
rHuPHZ0, or with control velicle (API-buffer). n = 7 mice per group, The amimals
were treated every third day on a Q3dx9 schedule (once every three days, total of nine
doses), ondays 0,3, 6,9, 12,15, 18,21 and 24,

Asg deseribed above, the 4T1-GFP breast tumor model was generated by
moculating BALB/c female mice orthotopically in the mammary fat pad with 47T1-
(3FP breast cancer cells (5x10° cells per mouse in 4 total volume of 0.05 mL).
Tumors were allowed to grow to 2 mean tumor volume of 100 mum’ before initiation
of intravenous freatment. For freatment, mice were injected, every other day (EOD)

for a wtal of six doses (Q24x6 regimen), on C,ﬁ:‘fc 0,2,4,7, 9and 11, with APT-buffer
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{Control group) or with 3,000 enzymatic units (U} per mouﬁ:e1 PEGyiated rHuPH20. 0
= (-8 mice per group. | |

For the Mat LyLu prostate tumor model, athymmic male nude mice were
nocutated mtramuscularly with rat Mat LyLu prostate cancer cells (2x10° cells per

mouse in a total volume of .04 mL) adjacent to the right tibial pentosteum to generate

~tamors with high interstitial fluid pressure, Tumors were allowed to grow to a mean

tumor volume of 100 mm’ before initiation of treatment. For treatment, animals wers
dosed intravenously with API-buffer {Control group) or with 30060 U PEGylated
rHuPH20. n= 6-8 animals per group. Dosing was adﬁﬁnistered everv ofher day,
three umes weekly, on Monday, Wednesday and Friday (Q2dx6), on days 0, 2,4, 7,9
and 11, Mat LyLu tumors in the control group, however, had reached critical volume
or greater than 2,000 mm’ by day 11, and thus were sacrificed for humane reasons.

For each group of PC3-tumor bearing mima{s, tumor growth was monitored
using the VisualSandics (VS) Imaging Micro-ultrasound system. Tumor growth in the
A4T-1 and Mat LyLu-wmor bearing wrumals was measured wiill calipers, Senal wmer
volumes were obtained by bi-dimensional diameter measurements with calipers, using
the formula 0.4 (_rz x b ) where “27 18 the major tumor diameter and “57 t'he THRINOT
perpendicuiar diameter.

The results of this study, which assessed tumor volume and survival over time,
are discussed in the following sections. The tumor volume date are described in
section (i}, below, and are presented in Tables 33-36, and n the top panel of Figure 9,
The survival data are dsscﬁbed in secuon (if}, below, and are presented in Table 38
and in the bottom panel of Figure 9.

{i) Tumor ¥Volume Effects

The VS-ultrasound and celiper tamor volumes were expressed in mum”. For
the two groups (control and 3000 U PEG-rHuPH20) of PC3 tumor-bearing animas,
measuraments were taken on days -1, 3, 6, 10, 13, 17, 20, 24, 27, 31, 34, 38, 41 and
45, The results are set forth in Tabie 34, Animals with tumeors reaching over 1300
mm3 were sacrificed for humane reasons as described below, Thus, for the PC3
model, no measurements were made after day 27, as 100 % of the animals had

reached this tumor weight. For the two groups of 4T1-GFP-bearing tumors, the
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caliper measurements were faken on days 0, 2,4, 7,9, 11, 14, 16, 18, and 21. The
esults are set forth in Table 35, For the two groups of Mat Ly Luwb.eazing; ﬁimérs, the
caliper measurements were taken on days 0, 2, 4, 7 and 9. The results are set forthin
Table 36.
5 Tabie 34, Repeated Svetemic PEGyiated rHoPH20 Adminisiration Effeeis

oy YVolume over Time in PO3 Prostite Tomeor Model

TUMOR TREATMENT !
VOLUME Yraovuse rHePE20)
() at day | 0 (APT Bufier E 34800
comapared fo
baitiation of Average BEM Average Skl
treatment
Dav -1 44031 27.05 43900 | 28.071
Dav 3 494 .05 15.99 20E.65 ' 2098
1
| Dayid Tloasn | o8 57500 | 50.58
Day 17 1606.10 165,80 783.10 86.90
Doy 20 193010 242.00 1009.30 13430
Dray 324 2450.20 23820 1065 .50 133.80
iray 37 2926.20 E 8170 1205.50 183.10
Draw 31 NiA NIA ! 1364.50 231.80
Day 34 M/A MA 152080 ! 268.10
Day 38 N/A N/A [ 171440 | 321.90
Dy 41 N/ A NiA 1963 .50 375.80
|
*A = pot applicable — all animals sacrificed due ¥ tumor velumes over 1500
FIRTI
Table 35, Hepeated Systemic PEGylated rHuPH2ZE Adminlstration Effects

10 Tumor YVoluine over Time in 4T71 Breast Tumor Mode}
T‘U MOR TEEATMENT
WOLUME : (Uimounge rEaPHEIN
{ram™) at day § (AP Buffer) ‘g 3606
compared to ! Average I SEM Awverage E S
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fmitistion of

treatment
Day § £3.27 113 6736 10.75
Dav 2 159.02 14.45 14741 10.40
Day 4 L 22697 . 22.63 158.66 oo
Day 7 271.64 28.77 184.21 17.47
ay 9 435,28 £2.57 251.37 28.77
Day 11 638.49 113.56 33646 39,59
Day 14 109937 25454 47368 03 73
Day 16 1468.76 260.78 650.66 115.87
Tray 18 1707.37 225.72 B61.36 17118
C Day 21 : 225499 375.00 1227.40 352.71

T Day s 269319 279.51 1526.89 | 398.65 %

Table 36, Hepeated Systemic PEGyiated rHoPH20 Adminkstration Effects

Turnor Velpme over Time in Mat Lyiu Frostate Tamor Model

TUMGR TREATWMENT !
YOLUME {(Ti/mouse rEuPH2E)
(mm®) at day & (AP] Buffer) 5 3000
sompared o ;
inifiation of Avernge SEM Averags | BER
reatment
Dray 7610 1080 75770 17.86
Day 2 35570 35.20 208.00 5650
Dayv 4 853.00 25.80 470.90 61.20
Dav 7 224880 86.50 1518.90 158.10
Day 9 1571.00 305.40 ZIR4.AD 38210

LA

Az indicated by the tumor volurme measurements, repeated infravenous
'

administraton of PEGyiated tHuPH20 reducsd tumor growth in each of the models,

with a correlation to the amount of HA in the tumers, as determined in Exampie 174,



above. For example, a significant difference in tumor volume between the PEGylated
tHuPH20 treated and control groups in each tumor model (p = 0.001 at day 27 in the
PC3 prostate cancer model; p= 0.04 at day 14 in the 471 breast cancer model; and p
= (.02 at day 9 in the Mat LyLu prostate cancear model}.
5 Percent Tumor Growth Inhibition (TGI) for cach respective tumor model was
calculated using the following equation:
Ye TGL =11 — (Ty~To) + {C0-Coll x 180%%

Lo w

where “T,7 i5 the average mmor volume for the treatment group (animals
receiving PEGylated tHuPHZ0) at day “n™ (here, day 27, day 14 and day 9 for PC3,
10 4T1 and Mat LyLu models, respectively) after the final dose of PEGylated rHuPH20;
” 1 the average tumor volurne in that treatment group at day 0, before treatment;
“Cy7 s the average tumor volume for the corresponding conirol group at day “n”
(heve, day 27, day 14 and day @ for PC3, 471 and Mdt Lyvlu models, respectvely;

some time after the final dose of vehucle); and “Cy” 15 the average Gumor volume in

LT G L UImoD v OruIne {4

f TUMOR MODEL 7]
PO {n = day 27) AT {n = day 14} viat LyLu
i {ztw day 1)
LI 248580 F 270,94 104G,74 * 262,07 349496 2304 .94
T T TE626 21715 412,36 §1.50 2308.63 F 38776
TG 70 50 % 34 %
g i
20 As demonstrated in Table 37, the results of this study revealed a 70 %, 60 %

iV L

and 34 % Tumor Growth Inhibition (TG} by systernic PEGylated tHuPH2{
administration, in the PC3 prostate, 471 breast and Mat LyLu prostats furmor models,
respectively {al day 27, day 14 and day 9 post administration, respactively).

As demonstraled in Figure ¥ and in Tables 34-37, the effect on tumor volume

[
Lk

correlated with the level of nunor HA expression, as determined 1in Example 174,

above, For exarnple, the fumor volume was most reduced (TGI= 70 %) by
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(PC3 (HA +++), and least (TG = 34 %) in the model with the lowest relative HA
expression in the tumors {Mat LyLu (HA +). The reduction in tumor volume was
intermediate (TG = 60 %) in the 4T1-GFP model, which cnsplayﬂd a relative HA
level of ++ in Example 17A, above.

{8 Survival effects

Effect of systemic, repeated, PEGvlated viHuPH20 administration on survival

was assessed in each model by determining the percentage of “surviving” animals at

N
x
3

cach time-point in each grovup. For this study, a tumor volume of greater than or equal
to 1500 mm” was zelected as an endpoimnt, which was considered analogous 1o a

r e s et o] Sy A Tyyy ' 1% . 3
moribund (non-surviving) state. Thus, animals with fuwmoer volumes below 1500 mm
were considered surviving, while animals with tumor weights 1500 mm” or greater
were considered mortbid,

The effects of survival by repeated administration of PEGyiated rHuP 20 on

the various models are set forth in Figure 9 {bottom panel). As demonstrated in Figure

0

and 1.5-fcld delay in reaching the designated moribund state, in the PC3, 4T1-GFP

and dMat LyvLu tarnor medels, respectively, compared {0 conirel treatment. Thus, the

%

Hect on survival alse cotrelated with the relative expression of HA in the tumors, as
measured i Example 17A, above.

The Median Survival Time (MST), in days, was determined for gach animnal
group, as the median time before mice i gach group reached the designated 1500
mm tmor volurne endpoint, Percent ILS (Increase in Life Span), a measure of anti-
tumor activity by the FPEGylated rHuPHZ0 compared to control, was caleulated for
each model, using the following equation:
”/a 1.5 = E(Tw f{;} % 108

e

where “T7 1s the MST of the group treated with PEGylated rHuPH20 and *C7
15 the MET for the control group. By National Cancer Institute (NCI) criteria, a
ireatment with a % [1L8 greater than 25% is considered effective: The results are
surnmarized in Table 38, below

Table 38: Median Survival Thme and Inerease in Life Span

| TREATMENT | WODEL




LA

PC3 4T Miat LyLa }

MST s MST LS MST LS |

Control 1613 | WA 16.57 NA | 567 N/A f

| 3000 U PEG-PH20 | 31.83 7% ] 2866 3% 883 56 % 3

N/A =not a.ppiicable

As set forth in Table 38, above, the systemic treatment with PEGylated
rHuPHZ0 caused an increass o life span (I8} of 97 %, 73 % and 56 %, in the PC3
prostate, 417 breast and Mat Lyl prostate fumor modet Vctwal Y, again
correlating with the measured relative HA levels in the tumors as described in
Example 174, above (+++, ++ and + respectively).

These results éemonstmia that repeated, systemic administration of PEGy&atad
soluble hyvaluromidase, alone, is effective as an anti-cancer treatment In 2 number o
HA-rich tmor models, and that the degree of anfi-tumor effects are correlated with
the expression of HA in the fumors.

{iiiy Reduction of FA in Tunors

Further, tomors were harvested afler the fingl PEGylated tHuPH20 or control
treatment, for An*lmunuhxstoc.num cal detection of tumor tissue hyalwonan, For this
sé.?e;dyj PC-3 tumors wers harvested 72 hours following the final treatment (day 20),

1-GFP tomors were harvested 72 hours following the Anal treatment (day 14) and
the Mat LyLu turnors were harvested 24 hours following the final treatment {day 12).
The harvested tumors were fixed in normal buffered formalin (NBF) and 5 um
sections cut and stained using a biotin iabeled hyaluronan binding pré‘rm’n (HADP-
bio) (Setkagaky, Japan). After washing to remove the primary reagent, a FITC-
labeled streptavidin (Vector Labs, Canada), for the PC-3 and Mat LyLu tumors, ora
Texas Red-labeled streptavidin was used as a secondary reagent. Nuclei were
counter-stained using a DAPT (4 6-diamidino-2-phenylindole) reagent. Micrographs
were captured viz a Nikon Echpse TEZ000U inverted flucrescent microscops coupied
o a Insight FireWire digital camera (Liagnostic Instruments, Michigan) or ZEISS
gverhzad scope {Carl Zetss,Inc ) that has the same imaging system. The results
r?veﬂ@d strong HA staining mn the contro! tumors, but ne detectable hyaluronan

staining in the tumors from the animals that bad been treated with PEGvlated
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rHuPH20, demonstrating the sustained reduction in tumor hyaluronan caused by the
freatment.
Example 18

Biood Brain Barrier Permeability of PEGylated riHoPHZO and Treatment of
Brain Twmor Model :

The study was carried out to demonstrate that PEGylated rtHuPH20 could
reduce hyaluronic acid (FLA) in brain tumors in an animal model and could increase
survival in combination with radiotherapy.

A. Brain tumor model

To generate the brain tumor model, 4x10° PC3 cells in 2 ul of Hanks medium
were injected inte the right cerebral hemisphers with a stereotaxic frame of each
mouse in varous groups, as follows.

B. Bleod Brain Barrier Permeability and degradation of brain HA by
intravenously administered PEGylated vHuPHZb |

PEGylated rHuPH20 can degrade HA in brain fixmors. 3,000 enzymatic units {U)
PEGyiated tHuPHZ0, and control buffer (API) were adiministered intravenously to
different groups of brain tumor model animals described in Example 184, above,
The animals were sacrificed four hours later, Braing were subsequently collected and
sectioned for analysis.

For assessment of compromised Blood Brain Barrier (BBE) in the tumor
model ammals, a BBEB permeability assay was performed on a subset of the animals,
For this assay, 0.1 mL of 2 % Evan’s Blue Dye was injected intravenously info the tail
vein of these mice, one hour prior (o sacrifice. Cergbral sections were mede and
visualized as described below. Blus dye in cerebral sections indicated the presence of
Alburuin, & large serurn protein (67 ¥Da) that had complexed with Evans Blus,
indicating increased BBR permeability (the BBB s relative “leakiness”

Hor assessment of the amount of HA in the brain tumors following treatment,
brain sections were incubated a biotin labeled hyaluronan binding protein (HABP-bio)
(Seikagaku, Japan), After washing to remove the prisnary reagent, a FITC-labeled
streptavidin (Vector Labs, Canada) was used as & secondery reagent. Nuclel were

counter-stained using 2 DAPL {4, 6-diamidino-2-phenylindole) reagent.
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Hematoxylin/Eosin staining also was done to identify the fumor in the brain.
Microvraphs were captured via a Nikon Belipse TE2000U microscope coupled to a

nsight FireWire digital camera (Diagnostic Instruments, Michigan) or a Leitz

overhead scope that has the same image cammnng systemn.

The resalts reveated a strong HA staining in control amimals (AP] buffer), but
no detectable FLA. staining in the animals that had been injected with PEGylated
rFuPH20, demonstrating that this enzyme can be used to reduce HA in brain tumors
when adminisiered intravenously.

C. Sarvival of anbmals afier PEGyiated cHuPHZE treatmeant

To assess survival of brain tumor model anirals after treatiment wilh
PEGvlated rHuPH20 alone, twenty of the PC3 brain tumor model mice (described in
Fxample 184, above) were stayed on Day 12 pest injection. The mice were injected
in the teil vein, twice a week for four weeks, either with 5000 enzymatic units (U) of

BGvyiated rHuPH20 (fen mice), or APT buffer (fen control mice).

the animals. The results, set forth in Figure 10, indicated no significant change in
gurvival between the PEGyvlated rHePHZ0 ’Lmamd and confrol ardmals.
0, Bffects.on survival of PEGyiated rHoPHL0 in combination with radictherapy
To assess survival of brain tumor model animals after treatment with
PEGylated rHuPH20 m combination with radiation, ihtas: groups of the PC3 bram
mumor model mice {described in Example 18A, above) were used,
For this study, twenty-seven tumor-bearing mice were staged into three groups
(A, B and C) based on body weights at day 13, post-inoculation.  For each group,
dosing was initiated on Day 13 post inoculation of the PC3 cells. Each
treatment/control was adminisiered using a g3d x 4 regime (svery third day, total of
four firnes). At each administration, Group A, the control grovp, was given
intravenous injection of 100 ni. API buffer alone. Group B was treated with whole-

brain radiation (5 Gy). Group C, the combination ’fhf:mijy group, was freated with

5000 enzymatic units of PEGylated rHuPH20 (i 100 pl APT buffer), followed four

nours later by whole-brain radiation (3 Gy). This dosing regime 1s set forth in Table

39, below,



ih

Table 39%. Dosiag Regime

_ _ Number
Gromp | Treatment Dosage | Route | Regimen of
. anbmals
A (P buffer W00l ) v gddx4 9
B Radiation 3Gy WER g3d x4 g
. Radiation 3Gy WEBR ad
€ |pEgpH20*  |so00u | gy | 44 ’

* PRGPH20 admintstrated 4 hours prior to radiation.
e URER Whole Brain Radiation

Survival of amimals in cach group was moni‘mmd over fime by monitoring
death of the amimals. The resuits, which are zet forth in Figure 171 and in Table 40,
indicated irnproved survival with combination treatinent (radiation and PEGylated

rHuPH20; Group ) over control (no freatment) (up to 45 % longer survival), and an

improvement in survival with combination treatment (radiation and PEGylated

Table 40,
‘» % tonger survival { % longer survival
—~ . . Median Survival | compared tono - | compared to single
Group | Treatmnent : , e
: Day ireatnerit radiation treatment
(negative contral) | (positive condrol)
A | API 43.5 N/A | N/A
B Fadiation 60 31 N/A
. Radiation+ L
C N 66 45 10
L PEGPHZO

Example 19
Pharmacokinetic Properties of PEGylated rEInPIIZ0 in Animals
The pharnmacokinetic properties of pegylated rHuPHZ20 {made with mPEC-
SEA-30K as described in Example 7, above) were evaluated in ICR mice from Harlan
{Indiznapolis, Indiana), rats, and Cynomolgus monkeys by measuring plasma
hyaluronidase in blood samples, at a number of ﬁma—points foilowing infravenous
administration of the agent.
In mice, the study was camied out over a peniod of seventy hours. At "time

zere” of this study, female ICK mice from Harlan, weighing 19-25 gramms each, were

=)
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injected, via the iateral tail vein, with approximately 3000 U purified, pegylated
rHuPH20, which had been diluted to 0.5 mg/mi.  In most cases, blood from the retro-
orbital plexus by glass capillary was taken five minutes post-treatment, for later
evaluation. Ammals then were refurned to their cages. At various Hine-points
foliowing administration of PEGylated rHuPH20, blood samples were takeen from the
retro-orbital plexns by glass capiliary from animals that had been briefly anesthetized
with 5% 1sofiursne. The bicod from each sample was mixed with EDTA 1 & purple-
top Microtainer blood collection tube w prevent coagulation. The tubes were
centrif fuged at 3000 rpm on 2 table-top centrifuge for 15 minutes, and the plasma
transferred to a new Eppendor{ tube. Plasma was frozen at -20 °C, before being
agzayved io determine hyaluromdase activity.

For determination of plasma hyaluronidase activity at the various time~points,

& standard micro turbidity plate assay, as described i Example 2, above, was

performed on the plasma to measure the amount of hvalvromidese activity in the

- draws were carried out per animal, over the course of the study. Accordingly,

pharmacokinetic curves were fitted o multiple anbmals across the entire time course,
PE curve fitting was done using either GraphPad Prismm® (GraphPad Software, Inc.,
L.a Jolla, CA) softwars or WinNonLin software (Pharsight® Corporation, Mountain
Wiew, CAY. |

Similar studies were performed in rats and Cynomolgus monkeys, Inrate, the
study was carried out over a period of 96 hours. In a study sumilar fo that described
above for mice, rats were adiministered 125,600 Ulkg (approximately 4 mg/ke)
pegylated rHuPHZ0. Plasmea hyaluremdase activity was monitored at various time-
points using & standard micro turbidity | plate assay, as described in Example 2, above.
Three rats were evaluated per time poim In Cynomolgus monkeyz, a MP1 28 day
intravenous dose snady was performed wherein pegylated rHuPH20 was administered
to two female monkeys in escalating doses of 0.5, 2.0 and 6.0 mg/kg. The monkeys

were allowed to clear all pegylated tHuPH20 prior to subseguent dosing.  Plasma

hyaluronidase sctivity was monitored at various time-points over 96 hours using a

standard micro wurbidity plate sssay, as described in Example 2, above. Intravenous

)
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dose comparisons of pegylated rtHuPH20 for mice, rats and Cynomolgus monkeys are
set forth in Table 41,
Table 41

GBpecies | Howude © Dose
oS v 100000 WWmouse
125000 Ulkg
Rat v 85000 Ulkg

56077 Ulke
15000 Wig (0.5 mgiks)
Cyno Ml Y 60000 Ulkg (2.0 mgflg)
1800600 Ulkg (6.0 mg/kg)

Pharmacokinetic regression curves were fitted o the derved date; and plasma

half-life (Tl ) was determined using the following equations in GraphPad Prism®

(L,mpnPdd Software, Inc., La Jolla, CA

wsma half life was determined using Prisn soffware for non-linear

™
ot
£

regression. The standardized mrmv a for halllife curve fitting after inrévenous

whers k= 0.893/T
X el 1/2

= fime after test article administration

T{)l s theoretical starting value
Cp is the measured value af time {
The following equations were used:
Omne component exponential decay:
Ye=spani*exp (~KaX) + plateau;

.

where Iy i5 the decay rate "onstam equal to G.693/T » and plateau 18 the

asymptotic value as decay approaches mfinify,
Two-component exponential decay:
Y= spanl¥exp (-klgX) + spand®exp KIyK) + platean;

where kle and kZ2q are decay rate constants for span 1 and span 2,

respectively, and plateau is the asymptotic value as decay approaches infinity.
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The results of the studies above, derived by 2-compartment modeling of
concentration-time data, are set forth in T'able 42, below, where the PK parameter
descriptions are set forth in Table 43, T1/2 alpha is the distribution phase half-life,
T1/2 betais the elimination phase half-life, and MRT is the mean residence time. In
mice, the alphs phase {diswibution phase) half ife and the beta phase {elimination
phase) half life of the enzyme in the plasma were 0,696 hours and 19.23 hours,
respeciively. The results in mice are presented in Figure 12, where initial rapid

degradation of plasma hyvaluronidase is observed (distribution phase) followed by 2
slow graduat decay over time (slirmnation phase). In rats, the alpha phase
(distribution phase) half life and the beta phase {elimination phase) hal{ life of the
enzyme in the plasma were 1,12 hours and 7 48 hourg, respectively. In Cynomolges
monkeys, the alpha phase (distribution phase) half life and the 5@’1& phase {elimination

.

whase) halflife of the enzyme in the plasme were 113 hours and 21.73 hours,

Cynomolgus Monkeys (Derived

Time Data)

Mouse fat Cymno Wik §
Body Wt (kg) 0.026 0.292 1920
BSA (m*) 0.0079 0.0419 | 0.1538
(ke 3844 T2.00 35.83
klO {1/ (161 03.384 0.046
K12 (1/hr) 0.65 RE 0.1
K2l (1) | 0.22 L0as 0.40
CL{mL/a-kg) 6.20 10,33 2.54
Cly(n (rol/h-kg) 24.91 11.52 17.60
Vi (mAkg) 112.03 B5.65 17.62
T2 o (b 0696 | 1.13 1.13
T2 B (W) 19.23 7.48 21.75
MET () 2432 5.81 30.76
Table 43, PK Parameater descriptions
- PE ) Descrintion
Farameier | '
Cly Clearance rom the Ceniral Compartment {ml/h-ke)
Claorn - Distrivution rate {mL/h-ke)
¥i0 EHmination rate constant {h7)
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k12 ' Distribution rate constant from the Central ta Peripberal Compartiment (i
k21 Distribution rate constant from the Peripheral to Central Compartment. { )
V) Volume of the Central Compartment (znl/kg)

Wy olume of the Peripheral Compartment {mL/kkg)

Exampie 20

Pharmacekinetic Analysis of Plasma Hyaluronidase Levels After Single Dose
Intravenous Administration of PEGPHZD

Pharmacokinetic (PE) studiss were conducted in ICR miice Trom Harlan
{Indianapolis, 1rxdxa*1a) and in Sprague-Dawley rats (Harlan) following single dose
administration of PEG PHZO Following injection of PEGPH20 as described below,
plasma levels of PEGPH20 were determined by measuring hyaiurondiase activity
using a modified turbidometric assay as described in Example 2. Briefly, plasma
sampies containing hyaluronidase were incubated with hyalurenate (HA) for 60
minuies. Undigested FLA was precipitated with the zddition of acidified serum. The

turbidity of the resuliing sample was measured at 640 nm after 2 30 minute

2

evelopment penod, and the resuliing turbidity was & measure of the hyvaluromdase
ctivity present. The assay was run under pH conditions that suppress endogenous
lysospmal hyaluronidase activity in plasma, which normally exhibits activity at acidic
pH. PEGPHZ( concentrations were expressed as units of hyaluronidase activity {UY
mkb as interpolated from a calibration curve, or as wp/ml calculated using the specific
activity (in U/mg} of the PRGPE20 tot. Gener ally, for rats, the lower level.of
quantitﬁtian was 10 U/mD and the assay was applicab'ia to measuning up to 100 w/mL
hyaluronidase activity,

A Mice

[5)

Male TCR mice (3/group) received a single 1V dose (125,000 Ulkg; 3.3 mgkg)
of PEGPH20 and plasma samples wers collected at selected intervals from 5 minutes
t0 24 hours post-dose. Plasma samples were analyzed for hyaluronidase activity as
deseribed above, The results show that following IV injection, the nlasma
concentration of PRGPH20 deciined in a biphasic manner. The initial rapid decline
represented districution from the systemic circulation and was followed by a slower

decrease representing the elimination phase. Pharmacokinetic parameters derived

from non-compartmental analysis of the hyaluronidasze activity over tfime are set forth
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in Table 44. The Values are mean data derived from 3 mice using non-compartmental

analysis. The data show that the elimination hatf-life (4, Az) of PEGPH20 was

approximately 10 hours. The mean volume of distribution (V) was approximateiy

122 mL/kg, which is approximately twice the expested plasma volume in mice(ie. 50
5 miJkg; Davies and Morris 1993), suggesting that PEGPH2Z0 was not widely

distributed to peripheral tissues.

TABLE 44: Mean PK Parametars After Single IV Dose (125,000 Ulky;
3.3 mwfxﬂ\ Administration of PEGPH2Y to Male Mice
Pl Parameter Valne
Cy (U/mL _ 1,808
Co {pg/ml. 50.0
Cena (Wl 1,727
Cna (1g /L) 45.5
ty, Az (h) 10.3
Ao (U h/ml) - 15,244
AU e /ml) | 4ant
V. (ml/kg) 121.8
Vi (ml/kg) ' 109.7
CL {ml/h-ke) a.2
MET () 15.4

)

K= pharmavokinetic; U = units of snzymatic activity; TV = intravenous; O = plasma concentration back-
extrapolated to time ) CUpyy, = manimmum observed plasma concentration; Gy, Az = lerminal halflife; AUC .=
srez ynder the plasma concentration versus time curve from fime 0 and exirapolated to infinity; V. = volume of
10 distnibution; V,, = volume of distribution at steady state; CL = absoiute clearmmes; MRT = mean residence time

B. Rats
Male Sprasue-Dawley rats (3/group) recsived a siy } IV doss (125,000 Ulkg;
3 mgkg) of PEGPH20 and plasma samples were collected at selected intervals from 5
15 minutes to 96 howrs post-dose, Plasma samples were analyzed for hyaluronidase
activity as described above, The results show that following IV injection, the plasme
concentration of PEGPHZ0 declined in a biphasic manner. The initial rapid decline
represented a distribution from the systernic circulation and was followsad by a slower
decrease r‘epreseming the elimination phase. Pharmacckinetic parameters denved
20 Fom non-compartmental analysis of the hyaluronidase activity over time are set forth

in Table 45, The Values are mean data dertved from 3 rafs using non-compartments]
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analyeis, The data show that the elimination half-hife (ty kz) of PEGPHZO was
approximately 8 hours, which was more rapid then seen in mice. This was also
reflected in a shorter mean residence time (MRT) and fester absolute clearance {CL)
than observed in mice. The mean volume of distribution (V) was approximately 296
mL/g, which 1s greater than the expected plasina volume in rats (G.e. 31 ml/g;
Davies and Morris 1993), and approximates the expected extraceilular fluid volume in

rats (Le. 297 mBAcg; Davies and Morris 1993,

TABLE 45: Mean P Parameters After Single IV Dase (125000 Uluy; 3
PE Parsmeter YValue
Cp (Ul 1,228
Co (ug/mL) 30.0
Craax (U/ml) : 1,256
Cmey (02 imiy : 30.6
by hz () ) 7.7
AU o (Umil) | 4713
AUCh o (ng-h/ml) 115
W (ml/ked 2861
Ve (mi/kg) : 174.9
CL {mL/hkg) 26.6
MRT (h) | 6.6

PK = pharmacokinesic; U= units of enzymatic activity; IV = intravenous; Cp = plasmas concentration back-
entrapolated 1o dme ) O = maximum observed plasma concentration; by, Az = terminal half-life, AUC, o=
arce under the plasma concentration versus time curve from ome § and extrapoiated o infinity; Vo = volume of
distribution; ¥, = volume of distribution at steady state; CL = sbeolute clesrance; MRT = mean residence time

<. SuInmary
In single Intravenous dose studies in mice and rats, plasma hyalurondiase

aciivity declined in a biphasic manner, with a rapid imitial distribotion phase and a

slower elimination phase. WMean elimination half-lives (t ) were approximately 10

hours inmice and 8 howrs in rats. The mean volume of distribution(V,) was 122

ml/cg for mice, suggesting that PEGPH20 was not widely distnibuted into peripheral

fizsues in mice. The mean Vz wag higher in rats at 296 ml/ke.
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Duse Rzmga and Pharmeecokinefic Study of PRGPHZD ‘Fa%ﬁ@w&m_g a Single
Intravenous Dose Administration in Cynomolgus Monkeys
Pharmacokinetic {(PK) studies were conducted in Cynomolgas Monkeys
following single dose adminisiration of PEGPH20 at various dose ranges. Following
mjection of PEGPH20 as described below, plasma levels of PEGPHZ0 were
determined by measuring hyalorondiase activity using a roodified turbidometric assay
as described in Axample 20. As with rats, the lower level of quantitation was 10

1

.

U/ml. and the assay was applicable to measuring up to 100 Wil hyaluronidase
activity,

Male cynomolgos monkeys (1 to 5/group) received a single TV dose of
PECGPHZ0 at concentrations ranging fom 1 mg/kg (38,000 Ulkg), 3 meg/fke (114,000
Ulkg), 6 meglkg (228,000 Ulkg), 12.5 mg/kg (412,500 Ulkg) and 33 mefky (1,089,000
Ulkg) and plasma samples were collected af selected intervals from 0.5 to 72 hours
post-dose. Plasma samples were analyzed for hyaluronidase activity as described

el

shove The regnlte show that the dacline i

o

because the rapid distribution phase wag not captured with the first PX blood

collection time at 0.5 hours posi-dose. Pharmacokinetic parameters derived fom
non-compartmenial analysis of the hyaluronidase activity over time are sef forth in
Table 46. The Yalues are mean data derived from 1 o 5 monkeys using non-
compartmental analysis as sst forth 1o the Table. '
| The data show that the elumnation kall-life {1y 22) of PEGPH20 was ranged

from 39 to 53 hours (1.6 to 2.2 days). The long halflife resulted from a siow
systemic clearance of approximately 1.0 mi/h kg, Maximum plasma concentration as
determined by back extrapolation to time tmmediately after TV injection 1Cg), termanal
elirainafion rate k 5, , and absolute clearance (CL) provided estimates of the volume of
distribution (¥, ). The range of the mean YV, was from 70 1093 ymL/kg , which is
approximately twice the expected plasma volune in monkeys {i.e. 45 mL/kg; Davies
anid Morris 1993}, suggesting that PEGPH20 was not widely distributed to peripheral
figsues.

Dose linearity was examined using area under the plasma concentration-time
curve, the extrapotated maximal concentration [Cg], and the obhserved Cop,.

Corretation of log-transformed PK parameters with log-transformed [V dose revealed
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linear relationships with slopes equal to 1.0, suggesting that the PK. of PEGPH20 in
monkeys was linear with respect to dose. Systemnic exposure and observed maximal

plasma concentration increased proportfionally with mcreases in dose.

TABLE 46: Mean P Paramelers After Siogle TV Diose Administration of

Valpe
Drose (Ullgy: 38,000 114,000 223000 410,564 1,688,000
| Dose (mp/ke): : 1 3 5 12.5 33
M 3 3 5 1 i

ed

P Parameter

Ty (Uhml) 813 | 1,653 . 4,558 6,320 18,601
o (ug/mb.) | 43.5 119.9 191.5 5637

DRI

e (U/mL) 1,763 4,503 5,770 17,084
]

= T
cmax (28 /mL)

—

“y I
ti 27 (11}

AUCqm 622 2330 5,135
Y, (mL/kg) 92.5 97.8 70.0
V.. (mlkg 21.7 86.5 66.2

| CL tmi/nke)

et
o

14 b2

MRT {h) 50.9 56.6 56.0

PR = pharmacokinetie; U= units of enzymatic activity; IV = intravenous; Cg = plasma concentrarion back-

extrapolated 1o time 1) Cupa, » maximum observed plasma concentration; iy, Az = terminal half-life; AUC o =

area under the plasma concentration versus ime curve from time 0 and extrapotated to infinity; ¥, = volume of
distribution; V., = volame of distribution at steady stare; CL = abselute clearance; MRT = mean residence Sme

Sumimary

In single intravenous dose studies in monkeys, piasma hyalurondiase activity
declined in a biphasic manner, with a rapid initial disiribution phase and a slowsar
elimination phase. Mean slimnination half-lives (1 ) was approximately 40 to 33
hours in monkevs. The mean volume of distribution(V,) was 70 to 93 mi/kg for
monkeys, suggesting that PEGPH20 was not widely disiributed into peripheral
tigsues. In the monkey study evaluating several dose levels of PEGPH20, the
miaximun observed plasma concentration {Cpa,) and ares under curve for plasma

concertration versus time {AUC) increased lpearly with increasing PEGPHZO0 dose.
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Example 22
Repeated Dose
Pharmacokinetic (PK) and/or toxacology (TK) stadies were conductad in
Soregue-Dawley rats (Harlan) and cynormnolgus monkeys following repeat dose
administration of PEGPH20. Plasma byaluronidase levels were determined as

deacribed in Example 20.

A Rats
A d-week ropeat-dose toxicity study was condy in Sprague-Dawley rats

fm.’i?{owing IV administration of PEGPH20. Four groups of 3 rats/gender/group
received ) Intravenous rwice-woekly doses of the vehicle (10 mM Hepes pH 7.0 + 130
1ol MNall) or 0.5 5 or 25 mglkg of PEGPH2O, respectively, for 4 consecutive weeks.,
Biood samples were collected from each animal on Days 1 and 25 at predetermined
times post-dosing. Plegmez samples were analyzed for hvaluronidase activity as

deseribed In Example 20, Toxicokinelic parameters were derived for each TV dose

CEILNE UL UNE HESMNE CONCSnURuOn-versus-time gata.

1

The derived TK parameters are set forth in Table 47, Analysis of plasma

concentration versus time afier twice-weeldy 1V dose administration of PEGPH20
showed that exposures {Cuuy and AUC) increased wzth increasing PEGPHZ0 dosa.

Toxicekinetics were approxunately linear over the range of doses evaiuated.

‘Elimination half-life {{,) increased with increasing PEGPHZ0 dose. Exposgures were

generally mmﬂ r between genders for any given dose level and dosing day.
Following repeated [V dosing of PEGPH 20, there was a frend toward increased AUC
on Day 25 compared with Day 1 in the 5 mg/kg and 25 mg/kg dose groups, Howeﬁer,
Day 25 AUC exposures remained < Z-fold the exposures observed on Day 1 within
any given dose group. Exposures as detexmined by Cog generally remained

consistent from Dav 1 to Day 25 within any given dose ZToup.

PEGPYL0 to Bats for 4 Consecutive Waoelks

TABLE 47: Mean TE Parameters After Twice -~Weelldy IV Administration of

H 7

H poe
Parameter 0.5 rogfie | mg/ kg L5 ey

Day 1 | Day 25 Day

fry
]
2
el
-
(5]
o
b
et
o

[ =
P Dy 25
1
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TABLE 47: Mean T

K Parameters After Twice “Weekly TV Administration of

PREREPH20 to Bats for 4 Consecnrtive Weeks

Farametey

1.5 mp/lg

5 mplke

Déy 1

Tray 25

Day 1 Day 25

Day 1

Lay 25

Conax (UAmL)

174

203

1,760 2,490

11,500

10,500

ty, (1)

2.50

LS
7
o0

8.71

12.6

24.0

| AUCq (U/mL)

674

7
el
(%41

12,060

160,000

165,000

Cinax Exposure Ratio
{Coss o0 Day 253/ Cpa, on
Day 1)

AUC Exposurs
Ratio {AUC,, on Day

25/ AUCH, on Day 1)

Females

Crpan (UML)

10,300

@

b (h)

-

Crmix Bxposure Ratio

{Cnm on Day 25/ C. on
Day 1)

1.87

AUC Exposure
Ralio (AUCy, on Day
25/ AMCy, on Day 1)

o

I
@

1.30

C ey Gender Ratio
(Cmm (mzlesy Com
{females))

0.96

(Y

27

1.08

AUC Gender Ratio
{AUC,, (malesy AUC,

{fernales))

1.17 1.54

0,95

1.27

TR = toxicokinetic; I'V = intravenous) U = units of enzymatic aciivity; Cpa = maximum observed plasma
concentration; b, = climination hatf-hfe, AUC,, = area under the plasms concentration versus thme curve from
time 1o the jast measured time point

The twice-weekly IV administration was well wolerated in rats, There was a

transient decrease in body weight, which returned towards pre-study values by the end

of the dosing perio. This effect was affibuted to PEGPHZ0 pharmacology as a

decrease in extracelivtar hyaluronan and its associated water. Thers waz a modest
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projongation of activated partial thromboplastin time {APTT), althongh prothrombin
time was unchanged. There was no hemorrhage observed performed grossty at
neoropsy or microscopically in any tissue examined. Thus, due to the assessment that
APTT prolongation was an adverse event in rats, the no observed adverse effect level

(MOAEL) was defined as 5 mg/kg/dose in rats. Mo changes in'food consumption or

fad

shavior was cbserved. Since no other fest arficle-related findings were ohserved, the
25 mgfkgidose would be the designated NOAEL, except for the prolonged APTT

ohserved.

.
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B, Monkeys
i Repeat Dose Toxicity Study

Female cynomolgus monkeys (W = 3} received a 6 mg/kg (198,000-222,000
Ufkg) IV dose of PEGPH20 on study days 1, 3, 8, 11, 15,22, 25, and 29. FPlasma
samples were collected at selected intervals from 0.083 to 96 hours post-dose on Days
1,3, 8 11 and 25. Plasma samples were analyzed for hvaloronidase activity nsing a
micro-turbidity plate assay as described in Example 20. Toxicokinetic parameters
were derived for sach IV dose using non-compartmental modeling of the plasma
concentration-versus-titne deta. Each dose was modeled independently of the
previous seguential dose, The results are shown in Table 48. TK analysis of the
plasma concentration-versus-time data after repeated I'V dose administration of
PEGPH20 to female monkeys showed that the decline in plasma concentration
following IV injection of a 6 me/ke (~210,000 U/kg) dose of PEGPH2G was bi-
ic. There was a rapid initial decline in concentration followed by a slowe
suggested that PEGPH20 was not extensively distributed to peripheral fissues, The
systemic clearance of PEGPH20 was slow with mnean rate ranging from 0.9 o
1.6 mL/bi-kg as determined on Study Days 1, 3, 8, and 11. The slow clearance
contributed to a jong elimination half-life {t, Az). The observed mean elimination
half-life (ty, hz) for PEGPH20 ranged from 28 to 64 hours (1.2 10 2.7 days). An
accelerated clearance for PEGPH2G was observed in two of three animals on
study day 25. Plasma samples collected on study day 25 were re-assayed to confirm

PEGPH20 concentrations and the mean concentrations were reported.

TABLE 48, TK Parameiers After Repeat IV Dose Administration of PEGPHI0
TE Animal Dray
Parameter Mo, 1 3 B 11 94

Co 1 5,044 4,915 4,395 5,170 4,209
Bfmbly 2 5,000 5,722 3,245 3,142 4,235
3 4,338 WD 3,517 4,649 5,851
Mean 4,824 5,319 3,718 4,320 4,765
Ca ] 1443 140.4 125.6 147.7 1203
{ppfmi) 2 1454 1 16340 927 g9.8 1 1210
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TABLE 48: T Parameters After Repeat [V Dose Administration of PEGPHE20 ]

T Anjma! Day .
Farameter Hao. 1 3 5 11 34
3 123.9 ND 100.5 132.8 167.2
Mean | 1378 1526 106.3 123.4 136.1
Cowe | 1 4,762 4.620 4,002 4,836 4,006
(U/mL) 2 4 986 5,361 3,578 3,038 2,070 ]
3 4,143 ND 3,243 4300 | 583 |
| Mean | 4630 4,991 3,608 4061 | 4,636
o i 136.1 132.0 114.3 138.2 1145
(g fml) 2 142.5 153.2 102.2 86.2 116.3
3 118.4 ND 9.7 123.1 166.6 |
Mear | 132.3 142.6 1631 116.0 | 1325
t, hz 1 33.4 407 66.6 489 | 100
) 2 30.2 49.0 62.3 3.4 140 |
| 3 33.7 ND | 638 513 60.2
AUChw 1 140,017 | 207696 | 209200 | 1699019 | 62,524
(U-h/ml) 2 147,554 | 260028 | 234010 | 169,380 | 67,016
3 135,357 N 159,178 | 153,185 | 366,060
Mesn | 140860 | 238811 | 200,826 | 164,162 | 165203
AUCHw i 4,000 5,934 5,980 4,855 1,786
{pgh/mL) ) 4215 7,712 6,686 4,839 1,915
! 3 3,867 ND 4,548 4377 10,459
Mean | 4,028 6,823 5,738 4,690 4,720
v, 1 76.5 62.7 101.9 92.1 45.8
(/) 2 556 58.2 852 119.9 595
3 79.8 ND 1084 107.2 47.0
ean 74.0 G5i.4 1052 106.4 =0.8
Vi, ] 75.8 515 99.4 90.1 498
{mLikg) 2 64.9 572 £3.9 118.6 58.9
3 79.8 ND 124.9 104.8 463
Miean 735 59.3 102.7 164.5 516
CL P 1.50 1.07 1.06 1,21 1,17
(mlL/hksg) 2 1.50 0.82 1 095 1.31 2.95
3 1.64 ND 1.39 - 1.45 0.54




LA

¥y

20

- 257 .

TARBLE 48: TK Parameters After Repeat IV Dose Administration of PEGPHLS

T Animal : : Day
Parameter Mo, 1 3 8 11 a5
Mieaxn 1.58 {4,905 113 .36 B
MET 1 47.8 57.5° 23,7 58,0 15.7
(h) 2 431 69.5 88.4 90,5 18.9
3 48.5 ND 89.6 72.3 856
Tiean 45,5 63.5 50.6 | 773 40.4

TE = wxicokinetic; [V = wmoavenous; U = units of enzymatic activity; Cp = plasma
concentration back-exirapolated to time 0, ND = not determined; Cpu = maximum
oheerved plagms concentration; iy Az = terminal halflife; AUCy., = area under the
plasma concentration versus fime curve from fime § and extrapoldied to infinity;
YV, = volume of distibution; Vg = volume of disiribution at steacty state; CL =
abschife clearance; MRT = mean residenice fime

]

Four-¥eelk Kepeatl Intravenows Dose Toxiciy Study

x
i

A d-week repeat-dose toxicity study was conducted in cynomaelgus following

the exception of the group that received 0.2 mg/kg/dose of PEGPH20, which was 4

animals per gender) recaived 1V twice-weckly dosss of vehicle, 0.2, 2.0 or 10.5
mg/kg/dose of PEGPHZO, respectively, for 4 consecutive weeks. Blood samples were
collected from each antmal on Davs 1 and 25 at pre-dose and at 0.5, 1, 2,4, 8, 12, 24,
48 and 72 hours post-dose. Additional blood samples were collected on Days 4, §,
11,15, 18 and 22 at pre-dose and at two toinutes pest-dose. Plasma samples were
analyzed for hyaluronidase activity using turbidometric assay described in Example
20. Toxicokinetic parameters were derived for each TV dose using non-
compartmental modeling of the plasma conceniration-versus-time data. The resulis
are set forth in Table 48, T analysis of the plasma concentration-versus-time data
after twice-weekly IV dose administration of PEGPH20 10 monkeys for 4 consscutive
weeks demonstrated that exposures {Cug, and AUCS incrf;as;f:d with inereasing
PEGPH20 dose. Toxicokinetics were approximately linear over the range of doses
evatuated. Elimination hait-life (1) increased with increasing PEGPH20 dose. On
epeated dosing, 1 V2 decreased 1n the low- and mid-dose males. Exposure data for the

low-dose also showed animals with loss of exposure on repeated dosing.  Exposures
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were generally similar between genders for any given dose level and dosing day.
Following repeated IV dosing of PEGPH20, there was a trend toward increased Cray
and AUC en Day 25 compared with Day 1in the 2 mp/kg and 10.5 me/ky dose
groups. However, Day 25 AUC exposures remained <2-1old the exposures observed
on Day 1 within any given dose group. A loss of exposore for PEGPHZ20 was

o

observed in the 0.2 mp/kg group in 3 of 8 amumals on Stady Day 235,

TABLE 49: Mean TK Parameters After Twice ~Weekly TV Adminigiration of
Parameter 8.7 mg/leg 2melkg 18.5 mg/kg
| Dayl | Day25, Dayl | Dayls | Dayl | Day?s
biales
Crome {Uiml) 114 92.5 1,130 1,330 6,410 £.,490
f (k) . 335 ] 178 40.9 16.7 501 78.1
AUC, 2,750 1 1,780 32,500 36,200 225000 | 429000
l Oy Exponne
: ' 0.7 T L4k
AUC Bxposure
Rahio (AUCh- on 0.65 111 1.81
Dy 25/ AUCD-t on
Day 1)
Fermpales
- ) 1 4 - 5 o - 1
o (U/mL) 113 97.3 | 1,310 1560 | 6450 | 8340
s (). 29.0 42.0 37.7 448 | 51 42 4
" . 5
AUChq 2,650 1,680 35,600 56,300 1 230,000 ( 332,600
STl
Ciney Exposure |
Rafio {{Cmex on 0.74 1.19 N 1.29
gy 25/ Cmax on
Day 1)
&HUC Exposure
Rafio ({AUCO 0.61 1.58 1.44
on Day 05/ ALUCO-t

on Dav 1y

Cray Gender
RatiolCmex 1.01 0.896 0.8

©
e
(¥
o
LA
=

Ko
Rt
pam—Y

g

{malesy Croax ‘ ‘
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AUC Gender
Ratio (AUC0
{malesy AUCO-t

{females))

1.04 107 | 091 - 0.64 % 0.98 1.29

i

TK = toxicekinetc; IV = infravenous; U = units of enzymatic activity; Cpa = maximum cbserved
plasma concentration; b, = slimination half-life; AUC,, = area under the plasma concentration versus
fime curve from dme 0 1o the last measured time point

The twice-weekly IV administration was well tolerated in monkeys, Lile rats,

there was a transient decrease ip body weight, which refurned towards pre-study
vaiues by the end of the dosing peniod. Unlike rats, there was no prolonged APTT
and the only change in coagulation pararneters was lmited to a ransient and dose-
independent increase in plasma fibrinogen, which s consistent with a transient acute-
phase response to PEGPH20 adminstration. Changes in limb joints were observedin
monkevs, with a 2 dose-related decrease in range of motion at the knee and elbow,
which showed partial to foll recovery following cessation of desing. Alsc, there was
a moderate decrease in soft tissue mass {skeletal muscie) in a single high-dose animal
observed by radiologic examination. This i1s consistent with the pharmacologic effect

of PEGPH20 to remove hyaluronan and 1t8 asseciated exiracellvlar water from tissues.

"There was no associated histopathologic changes of the knee joint or skeletal muscle,

nor abnormal radiography fndings of the knee joint itself. No changes in food
consumption or behavior was observed. Since no test article-related findings were
observed, the high-dose of 10.5 mg/kg/dose was the designated NOAEL monkeys.

. Sumumary |

inarepeat [V dose in monkeys in which a & me/ke (ap omma‘te}y 210,000
Ulkg) dose of PEGPHZO was admumistered 8 times over & 29-day 1 eriod, EXPOSUTES
{as assessed by mean Crax and AUC values) were similar over the study period. The
systemic ciearance (CL) of PEGPH20 was slow with mean rates of 0.9 to 1.6 mL/b
kg. The slow clearance contributed to a long elimination halitlife, which ranged from
28 1o 64 hours (1.2 to 2.7 days).

The toxicology studies in rats and monkeys, in which animals receivad
PEGPHZO at varying doses twice-weekly for 4 consecutive weeks, showed that
exposures {Cpey and AUC values) increased hinearly with increase dose and
elimination hali-life increased with increasing dose. The mean values of elimination

hatf-life in rats ranged from approximaiely 3 hours (0.5 mg/fkg dose) to 24 hours (25
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mg/lkcg dose) and in monkeys ranged fromm 17 howrs (0.2 mp/kg dosﬁ) 0 78 hours (10.3
mg/kg dose). I both species, exposures were general’ﬁv simnilar between genders for
any given dose level and dosing day. A Joss of exposure, howsver, was observed in
the 0.2 mg/kg group in 3 of 8 animals on Day 25, In rats, there was a trend toward
increased AUC on Day 25 compared with Day 1in the ‘3 meg/lg and 25 mgky dose

groups, nevertheless, day 25 AUC exposures remained < 2 f id the exposures

o

bserved on day 1 within any given dose group. Exposures as defe crnined by C

e}

zenerally remained consistent from Day 1 to Day 25 within any given dose group in
In monkeys, there was a trend toward increased Cony and AUC on Day 25

compared with Day [ in the 2 mg/kg and 10.5 mg/kg dose proups. Similar 0 rats,

Dray 25 AUC exposures 1n monkeys remained < 2-1old the exposures observed on

Drav 1 within any given dose group.

3

i‘-.:

Example |

Adtomelric Scaling Model

—

iesE miravenous pharmacokinenc studies inmice, rats and monkeys

described in Example 20 formed the basis of an allomeiric sc aling mode! applicable o
Earge molecules that are reteined largely within the vascular system, which was used
to estimate the pharmacologically active dose (PAD) and the dosing frequency for
PHGPHZ0 in humans, Due to the large molecular size of FPEGPH20 {(molecular
weight 1s estimated to be betwesn 100 and 270 kDa), the conventional Interspecies
Scaling Factor techmigue used for small miolecules 15 not applicable to molecules
confined to the intravascular compartent.

Allometric modeling was performed from the PE parameters observed in
mice, rats and monkeys by scaling the parameters allometrically fo the animals’® body
surface area and (o the animals’ body weight. Derived interspecies allometric
relationships were vsed to caleulate/predict primary P parameters for humans, The
parameters calculated were systemic clearance (CL), perisheral clearance (CLy),
volume of the central compartment {Vy), volume of the peripheral compartment {V3),
slimination rate constant o the cenral compartment (k1 0}, and the distribution rate
constants between the central and peripberal compartment (k12 and ¥21). With tha

assumption of proportional increase in systernic exposure with increases of IV dpse,



10

- 255~

the concentration-titne profiles for PEGPHZ0 in humans were simulated with a 2-
compartment model for IV dose levels of 1500, 3,000, 6,000, 12,000, 24,000 and
48,000 Ulkg. Twice-a~-week {BIW) dose administrations of Monday-Tharsday or

Monday-Friday schedule were examined and demonstrated that clinical doses > 1,500

Uk {50 ng/kg) and & Monday-Thursday BIW dose schedule are projecied fo

maintain a threshoid plasma concentration {Ctrough) above the pharmacologically
effective concentration of > 10 U/ml.

The tuman dose of 0.05 mg/ke 1s consistent with the conventional 1/10 safety
factor for rodents where the 5 my/kg dose level was defined as the NOAEL in rats.
The lowest dose in the monkey study was 0.2 mg/ky and the highest dogs was 10.5

=

mg/kg. Taking these two dose tevels, respectively, and noting that they were not

)

sssociated with adverse events, the human dose of 0.05 mg/kg represents & 4-fold and

210-fold safety factor vs. doses administered to primates.

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 aopended claims.
Y op



CLAIMS:

i A method of identifving a subject for treatment of a tumor with 2 modified
hyaluronidase, comprising:

a} measuring the expression or level of hyvaluronan in a biopsy of a tumor previously
obtained from a subject; and

b) selecting a subject in which hyvaluronan is expressed in af least 30% of the tumoral
area of the tumor biopsy, thereby identifying the subject from whom the samplie was obtained
as a subject for treatment with the modified hvaluronidase, wherein modification of the
hvaluronidase is conjugation to a polymer.

2. The method of claim 1, wherein a subiect is selected if at least 70% of the
tumoral area of the tumor biopsy expresses hyaturonan.

3. The method of clamm 1, wherein hyaluronan is measured by
mmunohistochemistry.

4. The method of ¢laim 2, wherein hyaluronan is measored by
immunofivorescence,
5. The method of any of claims 1-4, wherein hyaluronan is detecting using an

HA-binding protein.

6. The method-of any of claims 1-5, wherein the tumor is a solid tumor.

7. The method of claim any of claims 1-6, wherein the tumor is associated with
a Cancer,

8. The method of claim 7, wherein the cancer is selected from amang any one or

more of a late-stage cancer, 2 metastatic cancer and an undifferentiated cancer.

9. The method of clanm 7 or claim 8, wherein the cancer is selected from among
any one or more of ovarian cancer, in situ carcinoma (ISC), squamons cell carcinoma (SCC),
prostate cancer, pancreatic cancer, non-small cell lung cancer, mesothelioma, breast cancer,

brain cancer and. colon cancer.

10. The method of any of claims 1-9, wherein the hyaluronidase is a soluble
hyaluronidase.

11 The method of claim 10, wherein the soluble byaluronidase is a soiuble PH20.

12. The method of claim 11, wherein the hvaluronidase is a soluble form of a

PH20 that is selected from among an ovine, mouse, monkey, bovine, bacterial and human

PH20.



13, The method of claim 11 or claim 12, wherein the soluble form of PH20 15 2
C-terminally truncated PH20 that Tacks all or a portion of a C-terminal
giveosylphospatidylinositol (GPI) anchor.

14, The method of any of claims 10-13, wherein the soluble hyaluronidase is
selected from ainong:

a) apolypeptide consisting of a sequence of amino acids set forth in SEQ ID NO:1
that containg amino acid residues 36-464 of SEQ 1D NO:1 and the residues up to a C-
terminal amino acid residue that is selected from among an amino acid residue 467, 468, 469,
470, 471,472, 473, 474, 475, 476,477, 478, 479, 480, 481, 482 and 483 of SBEQ ID NO:1; or

by a polypeptide that has a sequence of amine acids that exhibits at least about 91%
amino acid seguience identity with a sequence of amino acids set forth in a), whereby the
soluble hvaluronidase is soluble, N-glycosylated and neutral active.

15, The method of any of claims 10-14, wherein the soluble hyaluronidase
consists of the sequence of aminoe acids set forth as amino acids 36-467, 36-468, 36-469, 36-
470, 36-471, 36-472, 36-473, 36-474, 36-475, 36-476, 36-477, 36-478, 36-479, 36-480, 36-
481, 36-482, or 36-483 of SEQ ID NO:1, or a sequence of amine acids has at least about 81%
amine acid sequence identity with a sequence of amino acids set forth as amino acids 36-467,
36-468, 36-469, 36-470, 36-471, 36-472, 36-473, 36-474, 36475, 36-476, 36-477, 36-478,
36-479, 364480, 36-481, 36-482, or 36-483 of SEQ 1D NO:1.

16, The method of any of claims 10-15, wherein the soluble hvaluronidase is
selected from among a polypeptide consisting of the sequence of amino acids set forth in any
of SEQ I NOE: 4-9 and 46-48, or a sequence that exhibit at least 91% sequence identity to
any of SEQ 1D NOS: 4-9 and 46-48.

17.  The method of any of claims 1-16, wherein the polymer conjugated to the
hyaluronidase comprises a pegylation moiety (PEG),

18, The method of claim 17, wherein the PEG ino’i ety results from reaction with a
PEG reagent selected from among methoxy-poly(ethylene glycol}-succinimidyl butanoate
{mPEG-SBA) (5 kDa); methoxy-poly(ethylene glycoly-succinimidyl butanoate {(mPEG-5BA)
(20 kDa); methoxy-poly{ethylene glycol}-succinimidy! butanoate (mPEG-5BA) (30 kDa):
methoxy-poly{ethylene glyeol)-succinimidyl e-methylbutanoate (mPEG-5MB) (20 kiia);
methoxy-poly(ethylene glycol)-succinimidyl c-methylbutancate (mPEG-5MB) (30 kDa);
methoxy-polv(ethylene glyeol)-butyraldehyde (mPEG-butyraldebyde) (30 kDaj}, methoxy-
poly(ethylene glycol}-succinimidyl propionate (mPEG-SPA) (20 kDa); methoxy-
poly(ethylene glveol)-succinimidyl propionate (mPEG-SPA}Y (30 kDa); (methoxy-

257



poly(ethylene glycol)) o-N-hydroxysuccinimide ester (mPEG,-NHS) (10 kDa branched);
(methoxy-poly{ethylene glycol)) »-N-hydroxysuceinimide ester (mPEG,-NHS) (20 kDa
branched); {methoxy-poly(ethylene glycol)) .-N-hydroxysuccinimide ester (mPEG,-NHS)
(40 kDa branched); (methoxy-poly(ethylene glycol)) .-N-hydroxysucecinimide ester (mPEGo-
NHS) (60 kDa branched); biotin-poly(ethyiene giycoi)-N~hydroxysuccinimi&e ester (biotin-
PEG-NHS) (5 kDa biotinylated); poly(ethylene glycol)-p-nitropheny! carbonate (PEG-p-
nitrophenyl-carbonate) (30 kDa}; and poly{ethylene glycol)-priopionaldehyde (PEG-
propionaldehyde) (30 kDa).

18. The method of claim 17 or claim 18, wherein the PEG is a branched or linear
PEG.

20, The method of any of claims 17-19, wherein the PEG has a weight of 30 or
about 30 kilodaltons.
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