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(57) ABSTRACT

The invention is based on the discovery of methods for
purification of an acid active hyaluronidase found in human
plasma (hpHAse), including both biochemical and immu-
noaflinity purification methods The method of immunoaf-
finity purification of the invention is based on the discovery
of a method for identifying antibodies that specifically bind
native hpHAse (anti-native hpHAse antibodies), and anti-
native hpHAse antibodies identified by this screening
method. The invention also features an assay for sensitive
detection of HAse activity using biotinylated hyaluronic
acid (bHA). Purification and characterization of hpHAse
lead to the inventors’ additional discovery that hpHAse is
encoded by the LuCa-1 gene, which gene is present in the
human chromosome at 3p21.3, a region associated with
tumor suppression. The invention additionally features
methods of treating tumor-bearing patients by administra-
tion of hpHAse and/or transformation of cells with hpHAse-
encoding DNA,



Patent Application Publication Jun. 14,2007 Sheet 1 of 9 US 2007/0134228 A1

/
/
T
AN A VANV AVAVA VS
g/ |
g ; CHg
/
| 2nm {
FIG. 1
N-acetyglucosamine Glucuronic acid-Biotin r
OH—C~CHoOH 0 R
\\ OHy / / \0/ Qo
C —C e : -
0 ¥ OH C C / /K
R/ \C o) \ /  — HN NH
\0’0-‘0 yd f 0
N A |
0=_ 0" "NH—NH—C— (CHy),

FIG. 2



Patent Application Publication Jun. 14,2007 Sheet 2 of 9 US 2007/0134228 A1

Incubate candidate antibody
with native agHAse

4 Contact native aaHAse/antiboyd complex
P with insoluble support having bound detectably
labeled HA and anti-antibody (neutral pH)

Detectably
Native Iabs!ed HA

aaHAse
ylltl&m\\“"fﬂu‘lnlmllf " I/lm\"i“ LW (-ummmnu 1"“"““

Wash away unbound material and add acidic assay medium
Loss of HA due to degradation by aaHAse in ¢

complex indicative of ant-native aaHAse antibody

e I D

FIG. 3

3l -0O— 17E91gG
=L} lgG2a control
I]\
| TN 1
_ 21 '
E
3 r
'E \
0
1..
~ Iy
0 — T T
0 0.1 0.2 0.3 0.4 0.5

FIG. 4 '™



US 2007/0134228 Al

Patent Application Publication Jun. 14,2007 Sheet 3 of 9

06¥
ey
(S5 " e
(0157 oM av

0y a gtz ki
GRE V EESESE 1 T
G IS N A 1

ove By 2 M I
C1E 1T AD[Rx
S N 1 1 '
892 DIN "1
8T TAV JIW

o0 4 Al
D2addp

yed
20T

GEL W A 4 L[
LI IV VYV IR
B}
2

06 I ASD
¢/ AN a d

G "DId

S 118§
OM9D a

STLSd S¥VNAJI1IDd8H

ADEIDO RS
A OESO S

AOQS SNMNX
1T¥VAJdH S 1LY

Uy o

1 1 3w
vOopR] I N
I A MY LAV IFE
A A0 AR a TR

A TENSS

64T TOAN re] O
9L MAQdH \A0 A TRARES ¥

AAVAQA
CILaviEIv I

LYNTIH
d41L09

m

L

s Et
S [n]

S AN
CH

ad

ER SO I

[(§ N V A

s N T L 1DD d

ORI VINA 11

(%4 IA d Vgl
8C Al -

(IT:ON dI "OHES)
(£ :ONdI 'DIS)

LAW ddATAVdA

M HE S A 3 1[0l
g A VvV Ofde: R
IS ARID 3 Ot A
ARYURIH O Spll vV
s TLOIR 18N 1R) s
am s AR 1 ISARY Y

gt d S VAdINS
PN JUD VYV A "V

Mm 1T ER1[efa N R
M TMBR1)a N e
TR IRR T A 1
VORMIO TRED vIA

TS 1X{elng 1531 N
18 vV N[JEg 1kl 1
4 SESTEIW T 4H
AEIA BRI ANRA T A

Igl 131 aA 10 S
quqﬁuﬁmqq

ST SVAS

S 111
Gep ot c ot ot .

IDADAY IDAA

I dMEER4A 1 IMb)
S TVhRE 1 S 1 db)
O SsOlieEtvaaetl A
O sORElv RIS A
40u¢>hm%mh
AR ORY v sER] 1 S
Auv aBia u i
Ay A VERI 1 D

M ITANIPISEIN
VY ID S aeIng]e

Faxopgy aflas
MY HNVRED DRID a
NG iER i NEIvIEMBAT umESam a 1
A Ty L aEWse s LY v EREEY v ER
rsda 1k
AP Y

ARNNS 1
AFEIS 1
aAaxogie] 1154
OHY Igeim O LN

PUm—mvm,?mm.Mm
HE VI o

dTI18A ITdNW LV

AVAlLAMMAGQGY I
T "M SXH Y

U.Mmqwufmz
DRHEMETO 15T

NEBSIES 113810 ik
NS 1S k81 RN 1 Lel
T A AR T I8

A A g O
H 7Rl 1 Jd 8 H

B 1 L VVAJdSD
RSN DO S D 19 1

ARIIESEEIRIEN A
IENEL S 1 4 a AR
Mg 3 LV dL1S
ORdAVIADIY 4

A Vi D IS Y 1
R 1hls 3G a vl
d APED TREeWN A I
LIPS LREMED S SEEE|
V NMESVESE | RN N
VNMESRARE 1S 4N

I IHY 39 1 ADNW

ozud
T-rang

ozud
T-eomng

ozyud
1-eamj

pzyd
1-Ba1y

oad
1-eany

ozyd
-eonjy

nzyd
I-eong

ozud
F-eony

oryd
T-eam]

zid
1-eamy

=

ozud
1-wony

ozyd
T-edng



Patent Application Publication Jun. 14,2007 Sheet 4 of 9 US 2007/0134228 A1

HPhobic
HPhilic

300 400
I i
! i
300 400

2(?0
|
200

FIG. 6

100
|
I
100

I
I

3
3

Kyte-Dodlittle o



Patent Application Publication Jun. 14,2007 Sheet 5 of 9 US 2007/0134228 A1
1.00
| W Hyaluronidase Transfected
1 [ Mock Transfected
0.75 -
E
=
E 0.50
'] I
0.25 —
0.00 = ! | 1
Cell Layer G 7A Conditioned Media
15 —
E
>
i
E B
> 10 4
2 .
k3] -
@
g .
o ,
B
5 5
3 N
o
g _
I ol
0 - T T
293 Hyal-1 293 Hyal-1 293 parental 293 parental
conditioned cell layer  conditioned cell layer
media media

FIG. 7B



Patent Application Publication Jun. 14,2007 Sheet 6 of 9 US 2007/0134228 A1

125
-1 Plasma Hyaluronidase
—Ml~ RecombinanLuCa-1
100 4 —-@- Testicular Hyaluronidase &
~
g e
> /
> 4 !
= I
: A
”
= . ~
s @
S
S ¥
6 7 B
pH
&
= ,
<]
o i - 500
o .L% 500
92
= o s
S5 4007 0
2= M Cell layer
= 8 i i 300
£ g, 3004 O Conditioned media
SE
B,
@ L 200- - 200
S %
E7 1001 100
iy
2 e T T 1 T
(- keratinaytes SCC10A  SCC10B  HSC-3  NCIH740 DMS153 -

FIG. 9



Patent Application Publication Jun. 14,2007 Sheet 7 of 9 US 2007/0134228 A1

1500

i —O— CONt1 (Vehicle)
| Q- CON2
-0~ CON3
il ~—Q--  CON4
| —=-Q----  CON5
-=Or—~  CON6

1000 — - --4fr--  RX1 (400/TRU)
o ] -t RxX2
£ -1~ RX3
e . —ff— Rx4
";S —f—  RX5
E i ~—if-— RX6
o —if— RX7




Patent Application Publication Jun. 14,2007 Sheet 8 of 9 US 2007/0134228 A1
1500
B —O— ER +Muristerons
. —Q— ERM{2)
' 0O
1250 — Q=== ER+M(3) /
¥
7 —O-— ER+M(4) !
| 0 ER+M(5) /
. -—O-——= ER+M(6) ; o
!
1000 — ---- ER+M(7) o
] ---f--- ER = HA'se+ Muristerons ," .."'
m =] ! ¢
E —-f-- ERHAse (2) FE
0 - —ifF— ER/HAse (3)
§ 750 — ~~f— ER/HAse (4)
é A it~ ER/HAss (5)
ot | —if— ER/HAse (6)
500 ~
250
0




Patent Application Publication Jun. 14,2007 Sheet 9 of 9 US 2007/0134228 A1

gr 400rRTU PHase (PT) q.48 Hours
X Vehicle (PT) q.48 Hours

120
100 - ¥
i i
g 80-
b
[
£
Q
]
O
‘69 60_
x% % X
40
L 4 i i I T 1 1 Ll I i 1 T ¥ I T 1 13 [ 4
20 25 30 35 40



US 2007/0134228 Al

HUMAN PLASMA HYALURONIDASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 08/733,360. filed Oct. 17, 1996, which
application is hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSCORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under grant nos. CA44768, CAS58207, and GM46765,
awarded by the National Institutes of Health. The govern-
ment may have certain rights in this invention.

FIELD OF THE INVENTION

[0003] This invention relates generally to the field of
[-1,4-endoglycosidases, particularly hyaluronidases.

BACKGROUND OF THE INVENTION

[0004] Hyaluronidases (HAses; E.C. 3.1.25) are a group of
neutral- and acid-active enzymes found throughout the ani-
mal kingdom in organisms as diverse as microbes (e.g.,
Streptococcus pyogenes, Treponema palladium, and nema-
todes), bees, wasps, hornet, spiders, scorpions, fish, snakes,
lizards, and mammals. Hyaluronidases degrade hyaluronan
(HA; also known as hyaluronic acid) and, to a lesser extent,
chondroitin sulfates (for a review, see Kreil et al. 1995
Protein Sci. 4:1666-9). Vertebrate hyaluronidases are sepa-
rated into two general classes: 1) the neutral hyaluronidases,
such as the predominantly sperm-associated protein PH20
(Liu et al. 1996 Proc. Natl. Acad. Sci. USA 93:7832-7;
Primakoff et al. 1985 J. Cell Biol. 101:2239-44; Lin et al.
1993 Proc. Natl. Acad. Sci. USA 90:10071-5); and 2) the
acid-active hyaluronidases, which have a distinct pH opti-
mum between pH 3.5 to 4.0 and have been described in
extracts of liver (Fiszer-Szafarz et al. 1995 Acta Biochim
Pol. 42:31-3), kidney (Komender et al. 1973 Bull. Acad. Pol.
Sci. [Biol.]21:637-41), lung (Thet et al. 1983 Biochem.
Biophys. Res. Commun. 117:71-7), brain (Margolis et al.
1972 J. Neutrochem. 19:2325-32), skin (Cashman et al. 1969
Arch. Biochem. Biophys. 135:387-95), placenta, macroph-
ages, fibroblasts (Lien et al. 1990 Biochim Biophys. Aca
1034:318-25; Ruggiero et al. 1987 J. Dent. Res. 66:1283-7),
urine (Fiszer-Szafarz et al. supra) and human plasma (De
Salegui et al. 1967 Arch. Biochem. Biophys. 120:60-67).
Acid-active hyaturonidase activity has also been described
in the sera of mammals, though some species exhibit no
detectable activity at all (Fiszer-Szafarz et al. 1990 Biol. Cell
68:95-100; De Salegui et al. 1967 supra).

[0005] Hyaluronan, the main substrate for hyaluronidase,
is a repeating disaccharide of [GIcNAcf1-4GlcUAB1-3],
that exists in vivo as a high molecular weight linear polysac-
charide. Degradation of hyaluronan by hyaluronidase is
accomplished by either cleavage at -N-acetyl-hexosamine-
[1—4]-glycosidic bonds or cleavage at [3-gluconorate-[ 1—
3]-N-acetylglucosamine bonds.

[0006] Hyaluronan is found in mammals predominantly in
connective tissues, skin, cartilage, and in synovial fluid.
Hyaluronan is also the main constituent of the vitreous of the
eye. In connective tissue, the water of hydration associated
with hyaluronan creates spaces between tissues, thus creat-
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ing an environment conducive to cell movement and pro-
liferation. Hyaluronan plays a key role in biological phe-
nomena associated with cell motility including rapid
development, regeneration, repair, embryogenesis, embryo-
logical development, wound healing, angiogenesis, and tum-
origenesis (Toole 1991 Cell Biol. Extracell. Matrix, Hay
(ed), Plenum Press, New York, 1384-1386; Bertrand et al.
1992 Int. J. Cancer 52:1-6; Knudson et al, 1993 FASEB J.
7:1233-1241). In addition, hyaluronan levels correlate with
tumor aggressiveness (Ozello et al. 1960 Cancer Res.
20:600-604; Takeuchi et al. 1976, Cancer Res. 36:2133-
2139; Kimata et al. 1983 Cancer Res. 43:1347-1354).

[0007] Hyaluronidase is useful as a therapeutic in the
treatment of diseases associated with excess hyaluronan and
to enhance circulation of physiological fluids and/or thera-
peutic agents at the site of administration. For example,
hyaluronidase has been used to reduce intraocular pressure
in the eyes of glaucoma patients through degradation of
hyaluronan within the vitreous humor (U.S. Pat. No. 4,820,
516, issued Apr. 11, 1989). Hyaluronidase has also been
used in cancer therapy as a “spreading agent” to enhance the
activity of chemotherapeutics and/or the accessibility of
tumors to chemotherapeutics (Schiiller et al., 1991, Proc.
Amer. Assoc. Cancer Res. 32:173, abstract no. 1034; Czejka
et al., 1990, Pharmazie 45:H.9) and has been used in
combination with other chemotherapeutic agents in the
treatment of a variety of cancers including urinary bladder
cancer (Horn et al.,, 1985, J Surg. Oncol., 28:304-307),
squamous cell carcinoma (Kohno et al., 94, J. Cancer Res.
Oncol., 120:293-297), breast cancer (Beckenlehner et al.,
1992, J. Cancer Res. Oncol. 118:591-596), and gastrointes-
tinal cancer (Scheithauer et al., 1988, Anticancer Res. 8:391-
396). Administration of hyaluronidase also induces respon-
siveness of previously chemotherapy-resistant tumors of the
pancreas, stomach, colon, ovaries, and breast (Baumgartner
etal., 1988, Reg. Cancer Treat. 1:55-58; Zanker et al., 1986,
Proc. Amer. Assoc. Cancer Res. 27:390). Serum hyalu-
ronidase prevents growth of tumors transplanted into mice
(De Maeyer et al., 1992, Int. J. Cancer 51:657-660), while
injection of hyaluronidase inhibits tumor formation caused
by exposure to carcinogens (Pawlowski et al., 1979, Int. J.
Cancer 23:105-109; Haberman et al., 1981, Proceedings of
the 17the Annual Meeting of the American Society of Clini-
cal Oncology, Washington, D.C., 22:105, abstract no. 415).
Intravenous or intramuscular injection of hyaluronidase is
effective in the treatment of brain cancer (gliomas) (PCT
published application no. WO88/02261, published Apr. 7,
1988).

[0008] Hyaluronidase expression, and levels of hyaluron,
have been associated with tumor development and progres-
sion. Levels of a secreted neutral hyaluronidase activity in
carcinomas derived from ovary (Miura et al. 1995 Anal.
Biochem. 225:333-40), prostate (Lokeshwar et al. 1996
Cancer Res 56:651-7), brain, melanocyte, and colon (Liu et
al. 1996 Proc. Natl. Acad. Sci. USA 22:7832-7837) are
higher than in normal tissue. This secreted neutral hyalu-
ronidase activity appears similar or identical to the neutral
hyaluronidase activity of the sperm hyaluronidase PH20. In
contrast to neutral activity, the acid active serum hyalu-
ronidase activity is significantly decreased in metastatic
carcinomas of the lung, breast, and colon (Northrup et al.
1973 Clin. Biochem. 6:220-8; Kolarova et al. 1970 Neo-
plasma 17:641-8). Further, mice having an allele of the
hyal-1 locus that is associated with lower levels of serum
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hyaluronidase activity exhibit faster rates of growth of
transplanted tumors than mice having an hyal-1 allele that is
associated with 3-fold higher hyaluronidase activity levels
(Fiszer-Szafarz et al. 1989 Somat. Cell. Mol. Genet. 15:79-
83; De Maeyer et al. supra).

[0009] At present, the only hyaluronidase activity avail-
able for clinical use is a hyaluronidase isolated from a
testicular extract from cattle (WYDASE®, Wyeth-Ayerst).
The bovine extract is not optimum not only because of its
non-human source, but also because the extract contains
multiple types of hyaluronidases and other as yet undefined
components. While the human serum acid-active hyalu-
ronidase activity would be preferred for administration, this
hyaluronidase has not been previously isolated or purified.
Although previous studies were able to determine that the
serum acid-active hyaluronidase activity is not a component
of platelets since hyaturonidase activity levels in plasma are
comparable to those found in serum (De Salegui et al. 1967
supra), attempts to isolate this acid active hyaluronidase
activity from human serum have met with limited success
due in part to the stability of the purified activity and the
inability to obtain an adequately high specific activity.
Immunopurification attempts have been hindered by the
inability to identify and isolate antibodies that specifically
bind the activity in its native form in plasma. Monoclonal
antibodies identified by conventional ELISA techniques
bind denatured human plasma hyaluronidase in the ELISA
screening assay do not bind the native, folded protein
(Harrison et al. 1988 J Reprod Fertil 82:777-85).

[0010] Conventional methods for hyaluronidase activity
include ELISA-like assays (Delpech et al. 1987 J. Immunol.
Methods 104:223-9; Stern et al. 1992 Matrix 12:397-403;
Afify et al. 1993 Arch. Biochem. Biophys. 104:434-41,
Reissig et al., 1955, J. Biol. Chem. 21:956-966) in which a
sample containing hyaluronidase is applied to the well of a
microtiter dish having hyaluronan or hyaluroneetin non-
covalently bound to its surface. HAse present in the sample
degrades the HA substrate. The plates are then washed, and
HAse activity is detected by examining the plates for
remaining HA substrate.

[0011] Hyaluronidase activity can also be detected by
substrate gel zymography (Guentenhoner et al, 1992,
Matrix 12:388-396). In this assay a sample is applied to a
SDS-PAGE gel containing hyaluronan and the proteins in
the sample separated by electrophoresis. The gel is then
incubated in an enzyme assay buffer and subsequently
stained to detect the hyaluronan in the gel. Hyaluronidase
activity is visualized as a cleared zone in the substrate gel.

[0012] These conventional methods for detecting hyalu-
ronidase activity are hampered by both the difficulties in
producing a detectably-labeled hyaluronic acid substrate and
the technical difficulties in achieving rapid, sensitive, and
reproducible detection of hyaluronidase activity. For
example, biotin labeling of hyaluronic acid for use in
ELISA-like assays has proved reticent to biotinylation since
HA contains no free amine groups, the moiety with which
activated biotin covalently binds. Prior attempts to solve this
problem have focused on use of a biotinylated-HA binding
aggrecan peptide from bovine nasal cartilage (Levvy et al.
1966 Method Enzymol. 8:571-584), which requires tedious,
time-consuming steps.

[0013] Furthermore, conventional hyaluronidase assays
use assay plates having HA substrate non-covalently bound
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to the plate surface, which can lead to both false positive and
false negative results. Because the HA substrate is non-
covalently bound to the plate surface, the washing step
following exposure of the plates to the HAse-containing
sample often results in non-specific removal of non-de-
graded HA substrate on the plate. Thus, the sensitivity of the
conventional HAse assay is compromised. HAse activities
using gel zymography avoid the problem associated with
ELISA-like assays, but are time-consuming (e.g., the test
sample and the HA-containing gel are normally incubated
for about 18 hr to 24 hr) and can result in artifacts if the gel
is improperly loaded with excess protein sample. Moreover,
analyses of crude preparations is impossible by gel zymog-
raphy.

[0014] Thus, despite the presence of a desirable acid active
plasma hyaluronidase activity, and human blood product
companies’ economic motivation to obtain any and all
useful components from a resource as precious and scarce as
human blood, the human plasma fractions containing this
acid active hyaluronidase activity are discarded for want of
an acceptable method for its isolation and purification.

[0015] Given the value of hyaluronidases in chemo-
therapy, there is a need in the field for a method of identi-
fying and isolating the polypeptide associated with the acid
active hyaluronidase activity in human serum.

SUMMARY OF THE INVENTION

[0016] The invention is based on the discovery of methods
for purification of an acid active hyaluronidase found in
human plasma (hpHAse), which include both biochemical
and immunoaflinity purification methods. The method of
immunoaffinity purification of the invention is based on the
discovery of a method for identifying antibodies that spe-
cifically bind native hpHAse (anti-native hpHAse antibod-
ies), and anti-native hpHAse antibodies identified by this
screening method. The invention also features an assay for
sensitive detection of HAse activity using biotinylated
hyaluronic acid (bHA). Purification and characterization of
hpHAse lead to the inventors’ additional discovery that
hpHAse is encoded by the LuCa-1 gene, which is located in
the human chromosome at 3p21.3, a region associated with
tumor suppression.

[0017] Thus, in one aspect the invention features an assay
device for detection of hyaluronidase activity comprising an
insoluble support and biotinylated hyaluronic acid (bHA)
covalently bound to the support. Preferably, the bHA is
prepared in a one-step reaction of hyaluronic acid, 1-ethyl-
dimethylaminopropyl carbodiamide (EDC), and biotin
hydrazide. In preferred embodiments, the bHA comprises at
least one biotin moiety per every 100 disaccharide units in
the hyaluronic acid moiety, and the bHA is covalently bound
to the support by at least one covalent bond per every 50
disaccharide units in the hyaluronic acid moiety.

[0018] In another aspect the invention features a method
of purifying a native acid active hyaluronidase (aaHAse)
from a sample, the method comprising the steps of: (a)
dissolving a sample suspected of containing aaHAse in a
solution at a temperature substantially less than room tem-
perature, the solution comprising a non-ionic detergent; (b)
raising the temperature of the solution to a temperature
substantially greater than room temperature, said raising
resulting in the formation of a detergent-rich phase com-
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prising aaHAse and a detergent-poor phase; and (c) isolating
aaHAse from the detergent-rich phase. Preferably the
aaHAse is hpHAse and steps (a)-(c) are repeated twice.

[0019] Inyetanotheraspect of the invention, the invention
features a method for screening candidate antibodies for
binding to a native aaHAse comprising the steps of: (a)
incubating a candidate antibody with a sample comprising
native aaHAse, said incubating being for a time sufficient for
formation of antibody-aaHAse complexes; (b) contacting
the sample with an insoluble support having anti-antibody
and detectably-labeled hyaluronic acid bound thereto for a
time sufficient for formation of anti-antibody-candidate anti-
body-hpHAse complexes; and (c) exposing the sample in
contact with the support to an acidic pH of about 3.4 to 3.7,
thereby allowing hpHAse in the antibody-aaHAse complex
to degrade the detectably labeled hyaluronic acid, wherein
samples associated with hyaluronic acid degradation com-
prise an anti-aaHAse antibody. In related aspects, the inven-
tion features anti-native hpHAse antibodies, hybridoma cell
lines secreting such antibodies, and assay devices for immu-
nopurification and/or detection of hpHAse comprising anti-
hpHAse antibodies bound thereto.

[0020] In still another aspect, the invention features a
method of purifying hpHAse from a sample, the method
comprising contacting a sample comprising hpHAse with an
anti-hpHAse antibody. In preferred embodiments, the
sample is human blood, serum, plasma, or urine or the
hpHAse is a recombinant hpHAse.

[0021] In another aspect, the invention features substan-
tially purified native hpHAse characterized by a fatty acid
moiety that is resistant to cleavage by phospholipase C,
phospholipase D, and N-glycosidase-F. In related aspects the
invention features formulations comprising native hpHAse,
particularly liposome formulations.

[0022] In yet another aspect the invention features meth-
ods for recombinantly expressing hpHAse. The recombinant
expression system of the invention provides high levels of
secreted hpHAse suitable for commercial production of
hpHAse and for production of hpHAse for use in therapeutic
applications. In related aspects the invention features recom-
binant hpHAse and methods of making recombinant
hpHAse.

[0023] In additional related aspects, the invention features
methods of treating patients having or susceptible to a
condition for which administration of hyaluronidase is desir-
able. In specific embodiments, the invention features admin-
istration of human plasma hyaluronidase to a patient having
or susceptible to cancer associated with defective hpHAse
expression comprising administering hpHAse polypeptide
to the patient in an amount effective to suppress tumor
growth. In further embodiments, the invention features
methods of treating a patient after suffering a myocardial
infarction or a patient suffering from a lysosomal storage
disease.

[0024] Another aspect of the invention features a method
of treating a patient having or susceptible to cancer associ-
ated with a defective LuCa-1 gene, the method comprising
introducing into a cell of the patient a construct comprising
a nucleotide sequence encoding a human plasma hyalu-
ronidase polypeptide and a eukaryotic promoting sequence
operably linked thereto, resulting in the genetic transforma-
tion of the cell so that the nucleotide sequence expresses
hpHAase.
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[0025] The invention also features a method for identify-
ing a patient having or susceptible to a condition associated
with defective human plasma hyaluronidase activity com-
prising the steps of contacting a plasma sample from the
patient with an anti-native human plasma hyaluronidase
antibody and detecting complexes of the enzyme and the
antibody.

[0026] A primary object of the invention is to provide a
purified hyaluronidase, hpHAse, which can be used in a
variety of clinical therapies including cancer therapy, par-
ticularly cancers associated with a defect in the tumor
suppressor gene LuCa-1.

[0027] An advantage of the present invention is that
purified hpHAse is more appropriate for therapeutic uses
than the presently available commercial formulations of
hyaluronidase which are from a non-human source, which
contain two hyaluronidases (rather than one), and which, as
determined by SDS-PAGE analysis, is a very crude mixture
that contains various proteins, including several unidentified
proteins and proteins having various biological activities
including anticoagulant activities (Doctor et al., Thrombosis
Res. 30:565-571). Purified hpHAse provides a “clean”
source of hyaluronidase, is less likely to induce some of the
side effects associated with the presently available commer-
cial formulation, and allows better control of the level of
activity associated with specific dosages.

[0028] Another advantage of the invention is that hpHAse
can be purified from a lipid fraction of plasma that, accord-
ing to present commercial practices, is otherwise discarded.

[0029] An advantage of the HAse assay of the invention is
that it provides for an assay for HAse activity that is at least
1,000-fold more sensitive than conventional ELISA-like
assays. In addition, the invention provides a biotinylated
hyaluronic acid substrate that can be easily and efficiently
prepared.

[0030] An advantage of the anti-native aaHAse assay of
the invention is that the assay provides a rapid screen for
antibodies that bind native aaHAse.

[0031] Another advantage of the invention is that specific
detection of hpHAse allows a specific means of measuring
LuCa-1 expression and correlation of levels of hpHAse in
serum or urine of a patient with susceptibility to or presence
of a disease associated with a LuCa-1 defect (e.g., cancer,
e.g., small cell lung cell carcinoma).

[0032] These and other objects, advantages and features of
the present invention will become apparent to those persons
skilled in the art upon reading the details of the invention as
more fully set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a schematic showing the chemical and
physical configuration of a surface for covalent attachment
of biotinylated HA.

[0034] FIG. 2 is a schematic showing the chemical struc-
ture of biotinylated HA.

[0035] FIG. 3 is a schematic showing the steps in the
anti-native acid active HAse antibody assay of the invention.

[0036] FIG. 4 is a graph showing hyaluronidase activity
associated with supernatants of human plasma after immu-
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noprecipitation with varying concentrations of anti-native
hpHAse 17E9 antibody (open circles) or bound control
antibody (open squares).

[0037] FIG. 5is a schematic showing the alignment of the
predicted amino acid sequence of LuCa-1 with the amino
acid sequence of the neutral HAse PH20. Identical amino
acid residues are shaded.

[0038] FIG. 6 is a hydropathy plot of the LuCa-1/hpHAse.

[0039] FIG. 7Ais a graph showing the acid active HAse
activity of detergent extracts of LuCa-1-expressing cos-7
cells and conditioned medium (shaded columns) and of
mock-transfected cells and conditioned medium (unshaded
columns).

[0040] FIG. 7B is a graph showing the acid active Hase
activity of detergent extracts of LuCa-1 expressing Hek 293
cells and conditioned medium (shaded columns) and of
mock-transfected cells and conditioned medium (unshaded
columns).

[0041] FIG. 8 is a graph showing the pH optima of the
HAse activity of hpHAse purified from human plasma (open
squares and solid line), recombinant LuCa-1 expressed in
cos-7 cells (closed squares with dashed line), and Type VI-S
testicular hyaluronidase (closed circles with dashed line).

[0042] FIG. 9 is a graph showing hpHAse expression in
the cell layer and conditioned media of normal human
keratinocytes and several carcinoma cell lines.

[0043] FIG. 10 is a graph showing the effects of hpHAse
peritumoral injection upon growth of HSC-3 head and neck
squamous cell carcinoma cells in an animal model.

[0044] FIG. 11 is a graph showing the effects of hpHAse
expression in transformed HSC-3 cells upon tumor growth
in an animal model.

[0045] FIG. 12 is a graph showing the effects of hpHAse
expression in transformed HSC-3 cells upon cachexia in an
animal model.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0046] Before the present purified hyaluronidase and DNA
encoding same are described, it is to be understood that this
invention is not limited to the particular methodology,
protocols, cell lines, vectors and reagents described as such
may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the
scope of the present invention which will be limited only by
the appended claims.

[0047] Tt must be noted that as used herein and in the
appended claims, the singular forms “a”, “and”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a transformed
cell containing DNA encoding a hyaluronidase” includes a
plurality of such cells and reference to “the transformation
vector” includes reference to one or more transformation
vectors and equivalents thereof known to those skilled in the
art, and so forth.

[0048] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
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understood to one of ordinary skill in the art to which this
invention belongs. Although any methods, devices and
materials similar or equivalent to those described herein can
be used in the practice or testing of the invention, the
preferred methods, devices and materials are now described.

[0049] All publications mentioned herein are incorporated
herein by reference for the purpose of describing and dis-
closing the cell lines, vectors, and methodologies which are
described in the publications which might be used in con-
nection with the presently described invention.

Definitions

[0050] By “acid active hyaluronidase” or “aaHAse” is
meant a hyaluronidase having -1,4-endoglvcosidase activ-
ity in the cleavage of hyaluronan and a pH optimum of HAse
activity at about pH 3.7. aaHAse as used herein encom-
passes human plasma hyaluronidase.

[0051] By “human plasma hyaluronidase,”human plasma
acid active hyaluronidase,” and “hpHAse” is meant a hyalu-
ronidase naturally found in human plasma and having the
following characteristics: 1) p-1,4-endoglycosidase activity
in the cleavage of hyaluron; 2) a pH optimum of HAse
activity at about pH 3.7; 3) a molecular weight of about 57
kDa as determined by 12.5% SDS-PAGE non-reducing gel
electrophoresis; 4) a specific enzymatic activity of about
2x10" to 8x10° turbidity reducing units (TRUYmg protein
following purification; 5) an isoelectric point, as determined
by elution in chromatofocusing on Mono-P fp.l.c., of pH
6.5; 6) partitioning into the Triton X-114 detergent-rich
phase upon temperature-induced detergent phase extraction;
7) a fatty acid post-translational modification (e.g., a lipid
anchor) that is resistant to cleavage by phospholipase C,
phospholipase D, and N-glycosidase-F; 8) at least two
N-linked glycosylation sites; and 9) has the amino acid
sequernce:

MAGHLLPICALFLTLLDMAQGFRGPLLPNRPFTTVWNANTQWCLERHGVD
VDVSVFDVVANPGQTFRGPDMTIFYSSQLGTYPYYTPTGEPVFGGLPONA
SLIAHLARTFQDILAATPAPDFSGLAVIDWEAWRPRWAFNWDTKDIYRQR
SRALVQAQHPDWPAPQVEAVAQDQFQGAARAWMAGTLOLGGALRPRGLWG
FYGFPDCYNYDFLSPNTYGQCPSGIRAQNDQLGWLWGQSRALYPSIYMPA
VLEGTGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPL
DELEHSLGESAAQGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILN
VI SGALLCSQALCSGHGRCVRRT SHPKALLLLNPASFSIQLTPGGGPLSL
RGALSLEDQAQMAVEFKCRCYPGWQAPWCERKSMW

where MAGHLLPICALFLTLLDMAQG is a signal
sequence cleaved during post-translational modification.
“hpHAse” as used herein is meant to encompass hpHAse
polypeptides having the amino acid sequence of naturally-
occurring hpHAse, as well as hpHAse polypeptides that are
modified relative to the naturally-occurring amino acid
sequence due to amino acid substitution, deletion, and/or
addition (e.g., fusion proteins) and the like. Preferably,
“hpHAse” encompasses hpHAse polypeptides that are bio-
logically active (e.g., can bind anti-hpHAse antibodies and/
or exhibit hyaluronidase activity).

[0052] By “urine form of hpHAse” or “urine hpHAse” is
meant a form of hpHAse is found in human urine and
characterized by: 1) p-1,4-endoglycosidase activity in the
cleavage of hyaluron; 2) a pH optimum of HAse activity at
about pH 3.7; 3) a molecular weight of about 57 kDa as
determined by gel zymography using 12.5% SDS-PAGE
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non-reducing gel electrophoresis; 4) immunoprecipitation
with anti-native hpHAse monoclonal antibodies specific to
LuCa-1; 5) an isoelectric point, as determined by elution in
chromatofocusing on Mono-P fpl.c., or pH 6.5; and 6)
partitioning into the Triton X-114 detergent-rich phase upon
temperature-induced detergent phase extraction.

[0053] By “native hpHAse” is meant hpHAse that is
folded in its naturally-occurring configuration (i.e., hpHAse
is not denatured). Where the native hpHAse does not com-
prise the entire amino acid sequence of naturally-occurring
hpHAse, native hpHAse polypeptides are those potypeptides
that, when folded, mimic a three-dimensional epitope of
native, full-length hpHAse such that antibodies that bind
native hpHAse bind to the hpHAse polypeptide. “Native
hpHAse” encompasses both hpHAse that is naturally found
in human plasma, blood, serum, and urine, as well as
hpHAse that is recombinantly produced (e.g., by expression
in a mammalian cell).

[0054] By “polypeptide” is meant any chain of amino
acids, regardless of length or post-translational modification
(e.g., glycosylation. phosphorylation. or fatty acid chain
modification).

[0055] By a “substantially pure polypeptide” a polypep-
tide that has been separated from components which natu-
rally accompany it (e.g., a substantially pure hpHAse
polypeptide purified from human plasma is substantially free
of components normally associated with human plasma).
Typically, the polypeptide is substantially pure when it is at
least 60%, by weight, free from the proteins and naturally-
occurring organic molecules with which it is naturally
associated. Preferably, the preparation is at least 75%, more
preferably at least 90%, and most preferably at least 99%, by
weight, hpHAse polypeptide. A substantially pure hpHAse
polypeptide can be obtained, for example, by extraction
from a natural source (e.g., mammalian plasma, preferably
human plasma); by expression of a recombinant nucleic acid
encoding hpHAse polypeptide; or by chemically synthesiz-
ing the protein, Purity can be measured by any appropriate
method, e.g., chromatography, polyaprylamide gel electro-
phoresis, or by HPLC analysis.

[0056] A protein is substantially free of naturally associ-
ated components when it is separated from those contami-
nants which accompany it in its natural state. Thus, a protein
which is chemically synthesized or produced in a cellular
system different from the cell from which it naturally
originates will be substantially free from its naturally asso-
ciated components. Accordingly, substantially pure polypep-
tides include those derived from eukaryotic organisms but
synthesized in E. coli or other prokaryotes.

[0057] By “antibody” is meant an immunoglobulin
polypeptide that is capable of binding an antigen. Antibody
as used herein is meant to include the entire antibody as well
as any antibody fragments (e.g. F(ab'),, Fab', Fab, Fv)
capable of binding the epitope, antigen or antigenic frag-
ment of interest. Antibodies of the invention are immunore-
active or immunospecific for and therefore specifically and
selectively bind to native hpHAse polypeptide. Anti-
hpHAse antibodies are preferably immunospecific (i.e., not
substantially cross-reactive with related materials). Antibod-
ies may be polyclonal or monoclonal, preferably mono-
clonal.

[0058] By “binds specifically” is meant high avidity and/
or high affinity binding of an antibody to a specific polypep-
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tide i.e., epitope of hpHAse. Antibody binding to its epitope
on this specific polypeptide is preferably stronger than
binding of the same antibody to any other epitope, particu-
larly those which may be present in molecules in association
with, or in the same sample, as the specific polypeptide of
interest e.g., binds more strongly to hpHAse than to other
components in human plasma. Antibodies that bind specifi-
cally to a polypeptide of interest may be capable of binding
other polypeptides at a weak, yet detectable, level (e.g., 10%
or less of the binding shown to the polypeptide of interest).
Such weak binding, or background binding, is readily dis-
cernible from the specific antibody binding to the compound
or polypeptide of interest, e.g. by use of appropriate con-
trols. In general, antibodies of the invention which bind to
native hpHAse with a binding affinity of 107 liters/mole or
more, preferably 10® 1/mole or more, even more preferably
10° Vmole or more, are said to bind specifically to hpHAse.
In general, an antibody with a binding affinity of 10* I/mole
or less is not useful in that it will not bind an antigen at a
detectable level using conventional methodology currently
used.

[0059] By “anti-native hpHAse antibody” or “anti-
hpHAse antibody” is meant an antibody that specifically
binds native (i.e., non-denatured) hpHAse. Preferably, such
antibodies can be used to immunopurify (e.g., by immuno-
precipitation or immunoaflinity column chromatography)
naturally-occurring hpHAse from human plasma and/or
recombinant hpHAse expressed by, for example, mamma-
lian cells.

[0060] By “operably linked” is meant that a DNA of
interest (e.g., DNA encoding an hpHAse polypeptide) and a
regulatory sequence(s) are connected in such a way as to
permit gene expression of the DNA of interest when the
appropriate molecules (e.g., transcriptional activator pro-
teins) are bound to the regulatory sequence(s), thus facili-
tating production of, e.g., an hpHAse polypeptide, a recom-
binant protein, or an RNA molecule.

[0061] By “transformation” is meant a permanent genetic
change induced in a cell following incorporation of new
DNA (i.e., DNA exogenous to the cell). Where the cell is a
mammalian cell, the permanent genetic change is generally
achieved by introduction of the DNA into the genome of the
cell.

[0062] By “vector” is meant any compound, biological or
chemical, which facilitates transformation of a host cell with
DNA encoding an hpHAse polypeptide of the invention.

[0063] By “substantially identical” is meant a polypeptide
or nucleic acid exhibiting at last 50%, preferably 85%, more
preferably 90%, and most preferably 95% homology to a
reference amino acid or nucleic acid sequence. For polypep-
tides, the length of comparison sequences will generally be
at least 16 amino acids, preferably at least 20 amino acids,
more preferably at least 25 amino acids, and most preferably
35 amino acids. For nucleic acids, the length of comparison
sequences will generally be at least 50 nucleotides, prefer-
ably at least 60 nucleotides, and most preferably 110 nucle-
otides.

[0064] Sequence identity is typically measured using
sequence analysis software (e.g., Sequence Analysis Soft-
ware Package of the Genetics Computer Group, University
of Wisconsin Biotechnology Center, 1710 University
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Avenue, Madison, Wis. 53705). Such software matches
similar sequences by assigning degrees of homology to
various substitutions, deletions, substitutions, and other
modifications. Conservative substitutions typically include
substitutions within the following groups: glycine alanine;
valine, isoleucine, leucine; aspartic acid, glutamic acid,
asparagine, glutamine; serine, threonine; lysine, arginine;
and phenylalanine, tyrosine.

3 G

[0065] The terms “treatment”, “treating” and the like are
used herein to generally mean obtaining a desired pharma-
cologic and/or physiologic effect. The effect may be pro-
phylactic in terms of completely or partially preventing a
disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or
adverse effect attributable to the disease. “Treatment™ as
used herein covers any treatment of a disease in a mammal,
particularly a human, and includes: (a) preventing the dis-
ease (e.g., cancer) from occurring in a subject who may be
predisposed to the disease but has not yet been diagnosed as
having it; (b) inhibiting the disease, i.e., arresting its devel-
opment; or (¢) relieving the disease, i.e., causing regression
of the disease (e.g, reduction in tumor volume, slowing of
cachexia). The invention is directed toward treatment of
patients having or susceptible to cancer associated with a
defect in the LuCa-1 gene, the gene that encodes hpHAse.

[0066] By “therapeutically effective amount of a substan-
tially pure hpHAse polypeptide” is meant an amount of a
substantially pure hpHAse polypeptide effective to facilitate
a desired therapeutic effect. The precise desired therapeutic
effect will vary according to the condition to be treated. For
example, the desired degradation of hyaluronan is the
desired therapeutic effect where hpHAse is administered to
the subject in the treatment of a condition associated with
excess hyaluron, undesirable cell motility (e.g., tumor cell
metastasis), and/or to enhance circulation of physiological
fluids at the site of administration and/or inhibit tumor
growth or progression. Where hpHAse is administered to
treat a patient having or susceptible to cancer associated
with a LuCa-1 defect, one desired therapeutic effects
include, but are not necessarily limited to, an inhibition of
tumor cell growth and a decrease in the tumor cell’s thresh-
old to apoptosis (i.e., increase the cell’s sensitivity to trig-
gers to programmed cell death). Therapeutic effects of
hpHAse may be associated with hpHAse’s hyaluronidase
activity, chondroitanase activity, or both.

[0067] By “LuCa-1 defect” or “hpHAse defect” is meant
a genetic defect in a cell at chromosome position 3p.21.3
associated with a decreased level of hpHAse activity relative
to hpHAse activity levels in normal cells and/or a decreased
level of hpHAse activity in the serum or plasma of the
affected patient (e.g., due to decreased expression of
hpHAse or expression of a defective hpHAse). “LuCa-1
defect” or “hpHAse defect” are also meant to encompass
cellular defects associated with a decreased level of hpHAse
activity in the serum or plasma of the affected patient (e.g.,
a defect in transport of hpHAse into the bloodstream). For
example, plasma from patients have a LuCa-1 defect-asso-
ciated lung cancer exhibits about 50% less hpHAse activity
than plasma from normal patients (i.e., patients who do not
have a LuCa-1 defect-associated cancer). Normal human
plasma exhibits about 15 rTRU/mg hpHAse activity as
determined using the HAse assay of the invention. The
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hpHAse activity of plasma from LuCa-1 defect-associated
lung cancer patients is about 7.5 rTRU/mg.

[0068] By “having or susceptible to a condition associated
with a LuCa-1 defect” is meant to describe a patient having
a heterozygous, homozygous, or epigenetic defect at the
LuCa-1 locus and/or some other genetic defect outside the
LuCa-1 locus associated with decreased levels of hpHAse
(e.g., serum hpHAse or urine hpHAse, preferably serum
hpHAse) relative to hpHAse levels associated with normal
patients (i.e., patients having no TuCa-1 defect that results
in altered hpHAse levels). Exemplary patients having or
susceptible to a condition associated with a LuCa-1 defect
are patients bearing tumor or pre-tumor cells that do no
express normal levels of hpHAse (e.g., a metatstatic carci-
noma).

[0069]
detail.

The invention will now be described in further

Hyaluronidase Activity Assay

[0070] The HAse assay of the invention involves labeling
of HA by biotinylation of free carboxyl groups through a
simple, one step reaction with 1-ethyl-dimethylaminopropyl
carbodiamide (EDC, CICH,CH,CI, Sigma) and biotin
hydrazide (Pierce). Briefly, a solution composed of dis-
solved HA and dissolved biotin hydrazide is combined with
EDC. Preferably, biotin is present in excess relative to EDC
and HA. The molar amount of EDC present is varied
according to the desired number of covalent bonds to be
found between the carboxyl groups of the disaccharide units
of HA and the NH groups of the biotin moieties (i.e, the
desired number of biotin moieties relative to the number of
HA disaccharide units). Preferably, the molar ratio of HA
disaccharide units to EDC is 85:1, while the molar ratio of
biotin hydrazide to EDC is 38:1. An exemplary chemical
structure of the resulting HA-bHA compound is shown in
FIG. 1.

[0071] After the HA-EDC-biotin hydrazide reaction is
complete, uncoupled biotin can be removed through dialy-
sis, preferably dialysis against distilled water. The biotiny-
lated HA substrate (bHA) that results comprises an EDC-
biotin moiety covalently bound to the HA molecule at a ratio
of 1 EDC-biotin moiety for every 200 disaccharide moieties,
preferably every 150 disaccharide moieties, more preferably
every 85 to 100 disaccharide units in the HA molecule. The
ratio of EDC-biotin to HA molecule can range from as high
as 1:1 (e.g., one EDC-biotin moiety bound to a disaccharide
unit) to 5:1 (e.g., one EDC-biotin moiety bound to an HA
molecule containing 100 disaccharide units). The bHA
reagent can be stored, preferably at -20° C., until use.

[0072] Assay devices for detection of HAse activity are
prepared by coupling bHA to, for example, the surface of a
microtiter well having a covalently attached moiety
NH—CH, (e.g,, Covalink-NH microtiter plates, NUNC,
Placerville, N.J.). An exemplary chemical and physical
configuration of surface for covalent attachment is shown in
FIG. 2. Methods for preparation of such substrates and the
use of such substrates to covalently immobilize compounds
are well known in the art (see, e.g., U.S. Pat. No. 5,427,779,
issued Jun. 27, 1996, and PCT published application number
WO 8905329, published Jun. 15, 1989). Coupling of bHA to
the assay device is accomplished by, for example, incubation
of bHA in the Covalink-NH well with EDC according to the
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manufacturer’s specifications. Unbound bHA is removed by
washing the wells with buffer. bHA that remains in the well
of the plate is covalently bound to the surface of the well.
The resulting assay device comprises bHA covalently bound
to the surface to be exposed to the test sample such that the
bHA is bound to the surface by at least one covalent bond,
preferably at least one covalent bond per every 200 disac-
charide units in the bHA molecule, more preferably at least
one covalent bond per 100 disaccharide units, most prefer-
ably at least one covalent bond per 50 disaccharide units in
the bHA molecule. The plates are preferably used within
about 1 week to 10 days after preparation.

[0073] The HAse activity assay is performed by placing a
test sample in the well of the assay device having covalently-
bound bHA, and incubating the sample for a period suffi-
cient to allow for hpHAse in the test sample to degrade bHA
in the well. The test sample can be any sample suspected of
having HAse activity (e.g., a biological sample (e.g., blood,
serum, plasma, urine, or a sample derived from a recombi-
nant source) or a sample from a step during biochemical
purification). Preferably, a sample having a known amount
of hpHAse activity is subjected to the assay as a control.

[0074] The pH of the incubation buffer can be adjusted
according to the desired ph optima of the HAse activity in
the sample (e.g., neutral HAse activity (pH of about 7.0 to
7.5) or acid active HAse activity (pH below about 4.5,
preferably at about pH 3.0 to 3.7)). Following incubation,
the wells are washed to remove degraded bHA and remain-
ing, undegraded bHA is detected, e.g., by reaction the
remaining bHA with avidin peroxidase and detection with a
microplate reader. Covalent binding of bHA to the assay
device prevents the undegraded bHA from being washed off
the plate, thus increasing the sensitivity and accuracy of the
assay. Moreover, the assay requires only 60 minutes or less
to complete and 1s 1,000 times more sensitive than conven-
tional colorimetric assays (Afify et al. supra) and about
1,000 to 5,000 times more sensitive than SDS-based gel
zymography. The HAse assay of the invention can be used
in a variety of applications where one desires to determine
(qualitatively or quantitatively) the presence of acid active
or neutral HAse activity in a sample. In one embodiment, the
HAse activity assay of the invention is useful in the iden-
tification of patients having a defect in HAse activity (e.g.,
a LuCa-1/hpHAse defect associated with reduced hpHAse
plasma activity), determine, and/or.

[0075] Specific activity of hyaluronidase is expressed in
turbidity reducing units (TRU). One TRU is defined as the
amount of hyaluronidase activity required to reduce the
turbidity of an acidified solution of hyaluronan and is
equivalent to the U.S.P./National Formulary (NF X1II) units
(NFU). The results using the assays described above are
related to the TRU, the NFU, and U.S.P. units through a
standard curve of a sample of hyaluronidase (e.g.,
WYDASE®, Wyeth-Ayerst) standardized through the U.S.P.
For example, a standard curve can be generated through
co-incubation of serial dilutions of bovine testicular hyalu-
ronidase (WYDASE®) and activity of unknown samples
interpolated through a four parameter curve fit to yield
values in relative TRU (rTRU)/ml (Dorfman et al., 1948, J.
Biol. Chem. 172:367).

Biochemical hpHAse Purification Method

[0076] Acid active hyaluronidase activity can be signifi-
cantly enriched and/or purified using temperature-induced

Jun. 14, 2007

detergent phase extraction with a non-ionic detergent (e.g.,
Triton X-114). In general, a sample comprising or suspected
of comprising an acid active HAse (aaHAse) such as
hpHAse is dissolved in a solution comprising a non-ionic
detergent at low temperature (e.g., substantially below room
temperature, preferably less than about 15° C., more pref-
erably about 4° C.). The sample can be, for example, raw
human plasma, outdated human plasma without platelet
degranulation (e.g., through addition of citrate), a lipid
fraction of human plasma, human blood, human serum,
human urine, or conditioned medium or lysates from cells
expressing recombinant aaHAse (e.g., mammalian, insect,
bacterial, or yeast cells, preferably mammalian cells). Pref-
erably, the sample is human plasma or human urine, which
is a particularly rich source of hpHAse. Purification from
plasma is advantageous over purification from whole blood
or serum since the plasma fraction contains less total protein
than either serum or whole blood.

[0077] After the sample is dissolved, the temperature of
the solution is raised to at least room temperature or above
(preferably above about 25° C., more preferably about 37°
C.), thereby resulting in formation of detergent-rich and
detergent-poor phases. The aaHAse partitions into the deter-
gent-rich phase. The detergent-rich phase can be further
enriched for aaHAse by removal of the detergent-rich phase
and repetition of temperature-induced detergent phase
extraction. Repeating this temperature-induced detergent
phase extraction three times results in at least about 10-fold,
preferably at least about 20-fold, more preferably at least
about 60-fold enrichment of aaHAse activity relative to
aaHAse activity in the starting material. The aaHAse activity
of the detergent-rich phase can be further enriched and
purified by, for example, cation exchange chromatography
and/or hydroxylapatite resin.

Generation and Identification of Anti-Native aaHHAse Anti-
bodies

[0078] Although there are known procedures for produc-
ing antibodies from any given antigen, previous attempts to
produce anti-native aaHAse antibodies (e.g., anti-native
hpHAse antibodies) have failed. Although antibodies that
bind denatured anti-aaHAse have been generated, these
antibodies, generated using conventional methods and a
conventional ELISA assay, did not bind native (i.e., non-
denatured) aaHAse (Harrison et al. 1988 J Reprod Fertil
82:777-85). By following the procedures described herein,
antibodies that bind native aaHAse enzymes (e.g., native
hpHAse) have been obtained. Likewise, the ordinarily
skilled artisan can follow the procedures outlined herein to
generate other anti-native aaHAse antibodies, including
other anti-native hpHAse antibodies. In general, the inven-
tion overcomes the problems associated with production of
aaHAse antibodies by providing a screening assay that
detects antibodies that bind native aaHAse.

[0079] Generation of Anti-hpHAse Antibodies

[0080] aaHAse can be used as an antigen in the immuni-
zation of a mammal (e.g., mouse, rat, rabbit, goat) and
production of hybridoma cell lines according to methods
well known and routine in the art (see, for example, Harlow
and Lane, 1988, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.;
Schrier et al.,, 1980, Hybridoma Technigues, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.). The
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aaHAse used in the antigenic preparation can be purified
from the source in which it naturally occurs (e.g., hpHAse
purified from human plasma), recombinant aaHAse, biologi-
cally active (e.g., antigenic and/or enzymatically active)
aaHAse polypeptides, native aaHAse, and/or denatured
aaHAse polypeptides. Where the aaHAse is a recombinant
aaHAse, the recombinant aaHAse can comprise the amino
acid sequence of a naturally-occurring aaHAse, or can be
modified relative to native aaHAse (e.g., by amino acid
substitution, deletion, or addition (e.g., fusion protein)).
Preferably, the antigenic preparation is native aaHAse is
(e.g., aaHAse purified from the source in which it naturally
occurs or recombinant, full-length aaHAse). aaHAse can be
any acid active hyaluronidase; preferably the aaHAse is
hpHAse.

[0081] Assay for Anti-aaHAse Antibodies

[0082] The antibodies secreted by the hybridoma cell lines
are screened in the anti-native aaHAse antibody assay of the
invention, In general, the assay involves an insoluble sup-
port (e.g., the surface of a well of a microtiter plate) to which
is bound: 1) an anti-antibody; and 2) detectably labeled
hyaluronic acid (HA). The anti-antibody is capable of bind-
ing antibodies produced by the aaHAse-immunized mam-
malian host regardless of antigen specificity. For example,
where the immunized host is a mouse, the anti-antibody is
a goat anti-mouse antibody (i.e., an antibody from a goat
immunized with mouse antibodies). Preferably, the anti-
antibody binds an Fc¢ portion of antibodies produced by the
aaHAse-immunized mammalian host, and may specifically
bind immunoglobulin classes or subclasses (e.g., specifically
bind IgG or an IgG subclass such as IgG, or 1gG,). Prefer-
ably, the anti-antibody is covalently bound to the surface of
the insoluble support. The detectably labeled HA is prefer-
ably biotinylated HA (bHA) in the above-described HAse
assay, and is preferably covalently bound to the surface of
the insoluble plate as described above.

[0083] A schematic of the anti-aaHAse assay of the inven-
tion is shown in FIG. 3. The anti-aaHAse antibody assay of
the invention takes advantage of the inventors’ observation
that aaHAses do not bind their HA substrates under non-
acidic conditions (i.e., under conditions in which the
aaHAse is not enzymaticaly active). In general, the assay is
performed by contacting the candidate antibody with a
sample comprising native aaHAse (e.g., native hpHAse) to
allow for formation of native aaHAse/antibody complexes.
Preferably, this contacting step is performed at a non-acidic,
preferably neutral, pH. The sample is then contacted under
non-acidic (preferably neutral) conditions with the insoluble
support having bound anti-antibody and detectably labeled
HA to allow for formation of native aaHAse/antibody/anti-
antibody complexes by binding of the anti-antibody to the
candidate antibody. Preferably, excess or unbound material
is washed away with a non-acidic (preferably neutral) solu-
tion.

[0084] The wash buffer is replaced with an acidic solution
having a pH that allows for enzymatic activity of the
aaHAse. Preferably the acidic solution has a pH that
approximates the optimum pH for HAse activity of the
aaHAse. For example, where the aaHAse is hpHAse, the
acidic solution preferably has a pH of 3.7. The sample is
incubated with the insoluble support for a time sufficient for
degradation of the detectably labeled HA by the immuno-
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precipitated aaHAse bound in the native aaHAse/antibody/
anti-antibody complex, preferably about 60 min. The
samples are then washed to remove degraded HA and
undegraded HA is detected by virtue of its label. For
example, where the detectable label is biotin, undegraded
bHA is detected as described in the above-described HAse
assay. Degradation of HA is correlated with the presence of
aaHAse in the sample which in turn is correlated with the
presence of an anti-native aaHAse antibody. The general
characteristics of antibodies of the invention are described
below.

[0085]

[0086] The forces that hold an antigen and antibody
together can be classified into four general areas: (1) elec-
trostatic; (2) hydrogen bonding; (3) hydrophobic; and (4)
Van der Waals. Electrostatic forces are due to the attraction
between oppositely charged ionic groups on two protein
side-chains. The force of attraction (F) is inversely propor-
tional to the square of the distance (d) between the charges.
Hydrogen bonding forces are due to formation of reversible
hydrogen bridges between hydrophilic groups such as
—OH, —NH, and —COOH. These forces are largely
dependent upon close positioning of two molecules carrying
these groups. Hydrophobic forces operate in the same way
that oil droplets in water merge to form a single large drop.
Accordingly, non-polar, hydrophobic groups such as the
side-chains on valine, leucine and phenylalanine tend to
associate in an aqueous environment. Lastly, Van der Waals
are forces created between molecules by interaction between
the external electron clouds. Further information about the
different types of forces is known in the art (see, e.g.,
Essential Immunology, 1. M. Roitt, ed., 6th Ed. Blackwell
Scientific Publications, 1988.

[0087] Useful antibodies of the present invention exhibit
all of these forces. By obtaining an accumulation of these
forces in greater amounts, it is possible to obtain an antibody
that has a high degree of affinity or binding strength to native
aaHAse, and in particular an antibody that has a high degree
of binding strength to aaHAse in the material in which it
naturally occurs (e.g., human plasma).

[0088]

[0089] The binding affinity between an antibody and an
antigen ia an accumulative measurement of all of the forces
described above. Standard procedures for carrying out such
measurements are known in the art and can be directly
applied to measure the affinity of anti-native aaHAse anti-
bodies of the invention.

[0090] One standard method for measuring antibody/an-
tigen binding affinity uses a dialysis sac, composed of a
material permeable to the antigen but impermeable to the
antibody. Antigens that bind completely or partially to
antibodies are placed within the dialysis sac in a solvent
(e.g., water). The sac is then placed within a larger container
which does not contain antibodies or antigen but contains
only the solvent. Since only the antigen can diffuse through
the dialysis membrane the concentration of the antigen
within the dialysis sac and the concentration of the antigen
within the outer larger container will attempt to reach an
equilibrium. The amount of antigen that remains bound to
antibody in the dialysis sac and the amount that disassoci-
ated from the antibody are calculated by determining the

Antibody/Antigen Binding Forces

Measuring Antibody/Antigen Binding Strength
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antigen concentrations within the dialysis sac and within the
solvent outside the dialysis sac. By constantly renewing the
solvent (e.g., the water) within the surrounding container so
as to remove any diffused antigen, it is possible to totally
disassociate the antibody from antigen within the dialysis
sac. If the surrounding solvent is not renewed, the system
will reach an equilibrium, and the equilibrium constant (K)
of the reaction, i.e., the association and disassociation
between the antibody and antigen, can be calculated. The
equilibrium constant (K) is calculated as an amount equal to
the concentration of antibody bound to antigen within the
dialysis sac divided by the concentration of free antibody
combining sites times the concentration of free antigen. The
equilibrium constant or “K” value is generally measured in
terms of liters per mole. The K value is a measure of the
difference in free energy (AG) between the antigen and
antibody in the free state as compared with the complexed
form of the antigen and antibody. Anti-native aaHAse anti-
bodies having an affinity or K value of 107 ¥mole to 10°
l/mole or more are preferred.

[0091] Antibody Avidity

[0092] As indicated above the term “affinity” describes the
binding of an antibody to a single antigen determinate. The
term “avidity” is used to express the interaction of an
antibody with a multivalent antigen. The factors that con-
tribute to avidity are complex and include both the hetero-
geneity of the antibodies in a given serum that are directed
against each determinate on the antigen and the heteroge-
neity of the determinants themselves. The multivalence of
most antigens leads to an interesting “bonus” effect in which
the binding of two antigen molecules by an antibody is
always greater, usually many fold greater, than the arith-
metic sum of the individual antibody links. Thus, it can be
understood that the measured avidity between an antiserum
and a multivalent antigen will be somewhat greater than the
affinity between an antibody and a single antigen determi-
nate.

Uses of Anti-Native aaHHAse Antibodies

[0093] Anti-native aaHAse antibodies are useful in vari-
ous immunotechniques, including immunopurification and
immunodetection techniques. Anti-native aaHAse antibod-
ies useful in such immunotechniques may be either poly-
clonal or monoclonal antibodies, preferably monoclonal
antibodies.

[0094] Preferably, anti-native aaH Ase antibodies useful in
immunotechniques exhibit an equilibrium or affinity con-
stant (K,) of at least 107 I/mole to 10° I/mole or greater. The
binding affinity of 107 I/mole or more may be due to (1) a
single monoclonal antibody (i.e., large numbers of one kind
of antibody) (2) a plurality of different monoclonal antibod-
ies (e.g., large numbers of each of five different monoclonal
antibodies) or (3) large numbers of polyclonal antibodies. It
is also possible to use combinations or (1)-(3).

[0095] Preferred antibodies bind 50% or more of native
aaHAse in a sample. However, this may be accomplished by
using several different antibodies as per (1)-(3) above. An
increased number of different antibodies is generally more
effective than a single antibody in binding a larger percent-
age of antigen in a sample. Thus, a synergistic effect can be
obtained by combining combinations of two or more anti-
bodies which bind native aaHAse, i.e., by combining two or
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more antibodies that have a binding affinity K, for native
aaHAse of 107 /mole or more.

[0096] Immunopurification Using Anti-Native aaHAse
Antibodies

[0097] Anti-native aaHAse antibodies can be used in, for
example, immunopurification of aaHAse from its naturally
occurring source (e.g., hpHAse from human blood, plasma,
serum, or urine) or from a source of recombinant aaHAse
production (e.g., from supernatants or cell lysates of trans-
formed cells expressing hpHAse). Immunopurification tech-
niques useful with the anti-native aaHAse antibodies of the
invention include, but are not limited to, immunoprecipita-
tion, immunoaffinity isolation on beads, immunoaffinity
column chromatography, and other methods well known in
the art. Anti-native aaHAse antibodies useful in immunopu-
rification techniques The immunopurification methods using
the antibodies of the invention can use a single anti-native
aaHAse antibody (e.g, a monoclonal or polyclonal antibody,
preferably a monoclonal antibody) or multiple anti-native
aaHAse antibodies.

[0098] In addition, the anti-native aaHAse antibodies of
the invention can be used to prepare a device for immu-
nopurification of native aaHAse, preferably native hpHAse.
In general, such devices are prepared by covalently binding
an anti-native aaHAse antibody to an insoluble support (e.g,,
bead, affinity column component (e.g., resin), or other
insoluble support used in immunoaffinity purification).
Alternatively, the antibody may be bound to a metal particle
which allows separation of anti-native aaHAse-aaHAse
complexes from a solution by use of a magnetized column.
The anti-aaHAse antibody may be a monoclonal or poly-
clonal antibody, preferably a monoclonal antibody. The
antibodies bound to the insoluble support (or otherwise
employed in purification) may also comprise a mixture of
anti-native aaHAse antibodies to provide a device that can
bind to at least 50% of the native aaHAse in the sample.
Such immunopurification devices can be used to isolate
aaHAse from a source in which it naturally occurs (e.g.,
hpHAse from raw serum, raw plasma, or urine) or from a
source of recombinantly-produced aaHAse.

[0099] Qualitative and Quantitative Immunodetection
Using Anti-Native aaHAse Antibodies

[0100] Anti-native aaHAse antibodies can be used in
immunodetection assay to detect and, where desirable, quan-
titate aaHAse in a sample. Immunodetection assays using
anti-native aaHAse antibodies can be designed in a variety
of ways. For example, anti-native aaHAse antibodies can be
used to produce an assay device comprising anti-native
aaHAse antibodies bound to a soluble support (e.g., an
immunoassay column, beads, or wells of a microtiter plate).
Methods for covalent or non-covalent attachment of an
antibody to a soluble support are well known in the art. A
sample suspected of containing an aaHAse is then contacted
with the assay device to allow formation of anti-native
aaHAse antibody-aaHAse complexes. The anti-native
aaHAse-aaHAse complexes can then be detected by virtue
of an aaHAse activity associated with the complex as
described in the anti-native aaHAse assay described above,
or by contacting the complex with a second detectably-
labeled anti-native aaHAse antibody.

[0101] By “detectably labeled antibody”, “detectably
labeled anti-aaHAse” or “detectably labeled anti-aaHAse
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fragment” is meant an antibody (or antibody fragment that
retains antigen binding specificity), having an attached
detectable label. The detectable label is normally attached by
chemical conjugation; where the label is a polypeptide, the
label can be attached by genetic engineering techniques.
Detectable labels may be selected from a variety of such
labels known in the art, but normally are radioisotopes,
fluorophores, paramagnetic labels, enzymes (e.g., horserad-
ish peroxidase), or other moieties or compounds that either
emit a detectable signal (e.g., radioactivity, fluorescence,
color) or emit a detectable signal after exposure of the label
to its substrate. Various detectable label/substrate pairs (e.g.,
horseradish peroxidase/diaminobenzidine, avidin/streptavi-
din, luciferase/luciferin)), methods for labelling antibodies,
and methods for using labeled antibodies are well known in
the art (see, for example, Harlow and Lane, eds. (Antibodies:
A Laboratory Manual (1988) Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N.Y.)).

[0102] Alternatively, detectably labeled anti-native
aaHAse antibodies can be directly used to detect and/or
quantify aaHAse in a sample. For example, detectably
labeled anti-native aaHAse antibodies can be contacted with
a tissue sample suspected of having a LuCa-1/hpHAse
defect (e.g., a tissue sample derived from breast, ovaries, or
lung) for a time sufficient to allow for formation of com-
plexes between the anti-native hpHAse antibody and
hpHAse in the tissue sample (e.g., hpHAse in the plasma
membrane of cells of the tissue sample). Binding of the
anti-native hpHAse antibody can then be detected and/or
quantified by virtue of a detectable label bound to the
anti-native hpHAse antibody. Alternatively, binding of the
anti-native hpHAse antibody can be detected using an
antibody that binds the anti-native hpHAse antibody. Bind-
ing of anti-native hpHAse antibody to a tissue sample can
then be compared to anti-native hpHAse antibody binding to
a control sample (e.g., a normal sample having no LuCa-1/
hpHAse defect and/or a sample containing tissue associated
with a LuCa-1/hpHAse defect) and the antibody binding
correlated with the presence or absence of a LuCa-1/hpHAse
defect in the patient.

[0103] The aaHAse immunodetection assays can be used
in a variety of different ways with a variety of samples, as
will be apparent to one of ordinary skill in the art upon
reading the disclosure provided herein. For example, the
aaHAse immunodetection assays can be used to detect
hpHAse in serum or plasma samples of patient receiving
hpHAse therapy and/or to correlate hpHAse in the serum or
plasma of a patient with tumor progression in the patient,
responsiveness to therapy, and/or uptake of hpHAse by the
patient’s body.

[0104] Where hpHAse is detected in serum or urine, the
levels of hpHAse can be correlated with susceptibility to
and/or the presence of a LuCa-1 defect associated disease
state and/or the severity of such disease For example,
hpHAse levels in patients having lung cancer associated
with a heterozygous defect in LuCa-1 are approximately
50% of normal hpHAse levels, while patients having a
homozygous defect in LuCa-1 exhibit hpHAse levels that
are very low or undetectable. Thus, hpHAse levels, as
detected in an aaHAse assay of the invention or detected
using an anti-native hpHAse antibody of the invention, can
not only be correlated with tumor progression, but can also
be directly correlated with a genetic defect in LuCa-1, thus
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allowing identification of patients susceptible to conditions
associated with LuCa-1 defects, e.g., cancer. Thus, the
present invention allows one to directly correlate hpHAse
levels with the number of functional alleles in a patient and
to detect a genetic defect by simply ascertaining the level of
hpHAse in blood, plasma, serum or urine.

Methods of Making hpHAse

[0105] In addition to the purification procedure outlined
above, hpHAse hyaluronidase polypeptides can be made by
standard synthetic techniques, or by using recombinant
DNA technology and expressed in bacterial, yeast, or mam-
malian cells using standard techniques. As used herein, the
term “hpHAse” includes natural, recombinant, and modified
forms of the protein unless the context in which the term is
used clearly indicates otherwise.

[0106]

[0107] hpHAse polypeptides can be synthesized based on
the amino acid sequences described herein and variations
thereof by standard solid-phase methods using the tert-
butyloxy-carbonyl and benzy] protection strategy described
in Clark-Lewis et al., PN.A.S., US4, 90:3574-3577 (1993)
and Clark-Lewis et al., Biochemistry, 30:3128-3135 (1991).
After deprotection with hydrogen fluoride, the proteins are
folded by air oxidation and purified by reverse-phase HPLC.
Purity is determined by reverse-phase HPL.C and isoelectric
focusing. Amino acid incorporation is monitored during
synthesis, and the final composition is determined by amino
acid analysis. The correct covalent structure of the protein
can be confirmed using ion-spray mass spectrometry
(SCIEX APIII).

[0108] Recombinant DNA Techniques for Synthesis of
hpHAse Polypeptides

[0109] As discussed in the examples below, LuCa-1 and
hpHAse are identical. The only variation between the partial
amino acid sequence of hpHAse and the amino acid
sequence of LuCa-1 is a substitution of Val for Leu in the
N-terminus at the 27th amino acid residue (where the Met at
the N-terminus of the signal sequence is counted as the first
amino acid residue); however, the two proteins are otherwise
identical in amino acid sequence and immunological and
biochemical characteristics. The nucleotide sequence encod-
ing hpHAse is identical to the sequence encoding LuCa-1,
except that the cytosine of the third residue in the codon
corresponding to the 27th amino acid residue (Leu in
LuCa-1; Val in HpHAse) is substituted with guanine. Thus,
the nucleotide sequence encoding LuCa-1 is the nucleotide
sequence encoding hpHAse. The LuCa-1/hpHAse gene has
been isolated and sequenced (Bader et al. GenBank acces-
sion no. U03056, NID G532973, submitted Nov. 1, 1993;
see also GenBank Accession No. U96078). The amino acid
and nucleotide sequences of LuCa-1 as described by Bader
et al. are provided below.

Chemical Synthesis

MAGHLLPICALFLTLLDMAQGFRGPLVPNRPFTTVWNANTQWCLERHGVD
VDVSVFDVVANPGQTFRGPDMTIFYSSQLGTYPYYTPTGEPVFGGLPQNA
SLIAHLARTFQDILAATIPAPDFSGLAVIDWEAWRPRWAFNWDTKDIYRQR
SRALVQAQHPDWPAPQVEAVAQDQFQGAARAWMAGTLQLGGALRPRGLWG
FYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQSRALYPSIYMPA
VLEGTGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPL
DELEHSLGESAAQGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILN
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-continued
VTSGALLCSQALCSGHGRCVRRTSHPKALLLLNPASFS IQLTPGGGPLSL

RGALSLEDQAQMAVEFKCRCYPGWQAPWCERKSMW

[0110] The nucleotide sequence encoding hpHAse can be
isolated according to any one of a variety of methods well
known to those of ordinary skill in the art. For example,
DNA encoding hpHAse can be isolated from either a cDNA
library or from a genomic DNA library by hybridization
methods. Alternatively, the DNA can be isolated using
standard polymerase chain reaction (PCR) amplification of
synthetic oligonucleotide primers, e.g., as described in Mul-
lis et al., U.S. Pat. No. 4,800,159, or expression cloning
methods well known in the art (see, e.g., Sambrook et al.
Sambrook et al. 1989 Molecular Cloning: A Laboratory
Manual, 2nd Ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.). Where hybridization or PCR is
used to identify DNA encoding hpHAse, the sequence of the
oligonucleotide probes or primers can be based upon the
amino acid or nucleotide sequence of LuCa-1 provided
above. The sequence of isolated hpHAse polypeptide-en-
coding DNA can be determined using methods well known
in the art (see, for example, Sambrook et al., supra). Fol-
lowing sequence confirmation, the resulting clones can be
used to for example, identify homologs of a hpHAse (e.g.,
other human alleles encoding hpHAse or an acid active
serum hyaluronidase of another mammalian species (e.g.,
dog, rat, mouse, primate, cow), and/or to transform a target
cell in a host for expression of the hpHAse-encoding DNA
(e.g., as in anti-cancer therapy through hpHAse polypeptide
expression in host cells, preferably cancerous cells of a
patient).

Production of hpHAse-Encoding Constructs and Expression
of hpHAse Polypeptides

[0111] Numerous vectors are available for production of
hpHAse-encoding constructs and hpHAse expression (see,
e.g., the American Type Culture Collection, Rockville, Md.).
Preferably the vector is capable of replication in both
eukaryotic and prokaryotic hosts, and are generally com-
posed of a bacterial origin of replication and a eukaryotic
promoter operably linked to a DNA of interest, thereby
allowing production of hpHAse-encoding constructs. Suit-
able host cells, as well as methods for constructing stably-
transformed host cell lines, are also publicly available, e.g,,
Pouwels et al., 1985, Cloning Vectors: A Laboratory
Manual, Ausubel et al., 1989, Current Protocols in Molecu-
lar Biology, John Wiley & Sons, New York; Sambrook et al.,
supra; Kormal et al., 1987, Proc. Natl. Acad. Sci. US4,
84:2150-2154; each of which are hereby incorporated by
reference with respect to methods and compositions for
manipulation of a DNA of interest).

[0112] Expression of an hpHAse polypeptide is accom-
plished by inserting a nucleotide sequence encoding an
hpHAse polypeptide into a nucleic acid vector such that a
promoter in the construct is operably linked to the hpHAse-
encoding sequence, which construct is then used to trans-
form a host cell. hpHAse expression can be accomplished in
a mammalian cell line by either transient, constitutive, or
inducible expression. In one preferred embodiment, the host
cell is a mammalian cell, preferably a cos-7 cell line, or a
cos-7 cell-derived cell line. More preferably, the host cell for
hpHAse production is a mammalian cell that is protected

Jun. 14, 2007

against hpHAse expression (i.e., the cell can produce high
levels of hpHAse without adverse affects upon the host cell
(e.g., slow cell growth, cell death)). In one embodiment, the
hpHAse-resistant cell is an SV-transformed cell line or an
adenovirus-transformed cell line (i.e., a cell line transformed
with sheared adenovirus), preferably the HEK cell line
(HEK 293) For example, transformation of HEK cells with
hpHAse-encoding DNA driven by a strong promoter (e.g,,
CMYV) provides surprisingly high hpHAse expression and
secretion into the culture medium (approximately 2.9x10™"°
mg/cell/24 hrs.) (>100 rTRU). Use of such cell lines allows
for production of sufficient quantities of hpHAse for use in,
e.g, protein therapy.

[0113] Where expression is desired in a tumor cell line that
is not resistant to hpHAse, the hpHAse-encoding DNA is
preferably under control of an inducible promoter, prefer-
ably an inducible promoter responsive to an inducing agent
that does not significantly affect other mammalian cells in
the vicinity of the transformed, hpHAse construct-contain-
ing cells. For example, the hpHAse-encoding DNA can be
under the control of a steroid inducible promoter (e.g., in the
ecdysone expression system, which is inducible by muris-
terone). The target cells are transformed and, upon exposure
to the inducing agent, express hpHAse.

[0114] Where the hpHAse-encoding DNA is used to trans-
form tumor cells for treatment of a tumor-bearing patient,
the hpHAse-encoding DNA may be transiently, constitu-
tively, or inducibly expressed, preferably transiently or
constitutively expressed, more preferably constitutively
expressed. In addition or alternatively, peritumor cells (e.g.,
cells adjacent the tumor cells) or other cells capable of
expressing and secreting hpHAse (e.g., liver cell or mono-
cyte) can be transformed.

[0115] Recombinant hpHAse polypeptide expression
(e.g., produced by any of the expression systems described
herein) can be assayed by immunological procedures, such
as Western blot or immunoprecipitation analysis of recom-
binant cell extracts, or by the HAse activity assay of the
invention as described herein. For example, hpHAse
polypeptides according to the invention can be produced by
transformation of a suitable host cell with an hpHAse
polypeptide-encoding nucleotide sequence in a suitable
expression vehicle, and culturing the transformed cells
under conditions that promote expression of the encoded
polypeptide, and preferably secretion of hpHAse into the
culture medium. The method of transformation and the
choice of expression vehicle will depend on the host system
selected. Those skilled in the field of molecular biology will
understand that any of a wide variety of prokaryotic and
eukaryotic expression systems may be used to produce
hpHAse polypeptides of the invention.

Identification of Biologically Active hpHAse Polypeptides

[0116] hpHAse polypeptide-encoding DNAs can encode
all or a portion of an hpHAse. Preferably, the hpHAse
polypeptide is biologically active, e.g., exhibits acid active
hyaluronidase activity in the cleavage of hyaluronan and/or
can be bound by an anti-native hpHAse antibody. In general,
once information regarding the ability of a protein to elicit
antibodies and/or information regarding an enzymatic or
other biological activity of a protein of interest is known,
methods for identification of biologically active polypep-
tides of the full-length protein are routine to the ordinarily
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skilled artisan, particularly where the nucleotide sequence
and/or amino acid sequence encoding the protein of interest
(here hpHAse) is provided as in the present case.

[0117] Biologically active hpHAse polypeptides can be
identified by using the HAse activity assay of the invention,
or by using conventional HAse activity assays (e.g., the
ELISA-like hyaluronan assay (Stem et al., 1992, Matrix
12:391-403) or substrate gel zymography (Guentenhoener et
al., 1992, Matrix 12:388-396)). Alternatively, biologically
active hpHAse polypeptides can be detected by binding of
an anti-native hpHAse antibody to a component of the
transformed host cell supernatant and/or lysate. hpHAse
polypeptides preferably exhibit at least 25%, more prefer-
ably 50%, still more preferably 75%, even more preferably
95% of the activity of native hpHAse.

Identification of Hyaluronidases Homologous to hpHAse

[0118] DNA encoding hyaluronidases homologous to
hpHAse (e.g., contain conservative amino acid substitutions
relative to a native hpHAse) can be accomplished by screen-
ing various cDNA or genomic DNA libraries by hybridiza-
tion or PCR using oligonucleotides based upon the DNA
sequence and/or amino acid sequence of an hpHAse (e.g., a
LuCa-1/hpHAse sequence). Alternatively the oligonucle-
otides used may be degenerate, e.g., based upon a selected
amino acid sequence of hpHAse or designed so as to allow
detection or amplification of DNA encoding an hpHAse-like
amino acid sequence having conservative amino acid sub-
stitutions and/or to take into account the frequency of codon
usage in the mammalian species DNA to be screened. Such
“degenerate oligonucleotide probes” can be used in combi-
nation in order to increase the sensitivity of the hybridization
screen, and to identify and isolate hpHAse analogs in other
species or variant alleles encoding hpHAse in humans.
Methods for designing and using degenerate oligonucleotide
probes to identify a protein for which an amino acid and/or
nucleotide sequence, as well as methods for hybridization
and PCR techniques for screening and isolation of homolo-
gous DNAs, are routine and well known in the art (see, for
example, Sambrook et al. supra).

[0119] Alternatively, the DNA encoding hpHAse may be
isolated by expression cloning methods well known in the
art (see, for example, Sambrook et al., supra). For example,
mammalian cells can be transformed with a cDNA expres-
sion library, i.e., a collection of clones containing various
c¢DNA fragments operably linked to a eukaryotic promoter.
Expression of an hpHAse homology or a biologically active
fragment thereof can be detected by assaying the culture
supernatant and/or cell lysates using the HAse activity assay
of the invention.

Therapies Using hpHAse Polypeptides

[0120] The substantially pure native hpHAse polypeptides
(e.g., hpHAse polypeptides that are not associated with the
components of plasma from which hpHAse is purified) of
the invention can be used in a variety of applications
including human and veterinary therapies, either alone or in
combination with other therapeutic agents. Purified hpHAse
of the invention can generally be used in place of neutral
HAse formulations or WYDASE™, where the condition to
be treated is associated with excess hyaluronic acid and/or
therapy is designed to increase HAse activity generally (i.e.,
the conventional neutral hyaluronidase-containing formula-
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tion is not used to treat a specific defect in neutral HAse
activity, but rather provides a HAse (neutral or acid active)
activity). Use of acid active hpHAse is preferred to use of
neutral HAses since acid active hpHAse can provide con-
trolled degradation of HA substrate and does not degrade all
components of the extracellular matrix in the patient.

[0121] hpHAse can be used in the treatment of diseases
associated with excess hyaluron, to enhance circulation of
physiological fluids at the site of administration (e.g., as a
spreading agent, e.g., by subcutaneous or topical application
(e.g., in cosmetic formulations such as cosmetic creams),
and/or as an anti-cancer agent either alone or in combination
with chemotherapeutic agents. For example, hpHAse can be
administered to a patient to facilitate clysis, particularly
hypodermoclysis. hpHAse can also be administered to
patients suffering from stroke or a myocardial infarction
(e.g., by infusion). Preferably, hpHAse is administered in the
absence, or at very low levels, of heparin, a powerful
inhibitor of hyaluronidase. Methods for administration, and
amounts of hpHAse administered, for treatment of myocar-
dial infarction can be based upon methods of administration
of bovine testicular hyaluronidase and amounts adminis-
tered (see, e.g., Wolf et al. 1982 J. Pharmacol. Exper.
Therap. 222:331-7, Braunwald et al. 1976 Am. J. Cardiol.
37:550-6; DeGiovanni et al. 1961 Br. Heart J. 45:350;
DeOliveira et al. 1959 Am. Heart J. 57:712-22; Kloner et al.
1978 Circulation 5:220-6; Kloner et al. 1977 Am. J. Cardiol.
0:43-9; Koven et al. 1975 J. Trauma 15:992-8; Maclean et
al. 1978 J. Cin. Invest.61:541-51; Maclean et al. 1976
Science 194:199-200, Maroko et al. 1975 Ann. Intern. Med.
82:516-20; Maroko et al. 1977 N. Engl. J. Med. 296:896-
903; Maroko et al. 1972 Circulation 46:430-7, Salete 1980
Clin. Biochem. 13:92-94; Snell et al. 1971 J. Clin. Invest.
50:2614-25; Wolf et al. 1981 Circ. Res. 48:88-95).

[0122] Furthermore, hpHAse can also have therapeutic
effects when administered to patients having certain lyso-
somal storage diseases associated with a defect in hyatur-
onidase (see, e.g., Natowicz et al. 1996 N. Engl. J. Med.
335:1029-33). hpHAse can used therapeutically by direct
administration of hyaluronidase (e.g., intracellularly or
intravenously) as a form of shunt pathway and/or by gene
therapy (e.g.. to replace defective copy(ies) of the LuCa-1
gene). Lysosomal storage disease amenable to hpHAse
therapy are those diseases that result in accumulation of
[GleNAcB1-4GlcUABL-3] (GAGs) due to a defective man-
nose-6-phosphate pathway. hpHAse can degrade these accu-
mulated GAGs under a nonfunctional cellular system since
HAse activity does not depend upon the mannose-6-phos-
phate pathway (Herd et al. 1976 Proc. Soc. Experim. Biol.
Med. 151:642-9).

[0123] hpHAse can also be used in the treatment of edema
associated with brain tumors, particularly that associated
with glioblastoma multiform. The edema associated with
brain tumors results from the accumulation of hyaluronan in
the non-cancerous portions of the brain adjacent the tumor.
Administration of hyaluronidase to the sites of hyaluronan
accumulation (e.g., by intravenous injection or via a shunt)
can relieve the edema associated with such malignancies by
degrading the excess hyaluronan at these sites. Thus, hyalu-
ronidase is successful in the treatment of brain tumors not
only in the reduction of the tumor mass and inhibition of
tumor growth and/or metastasis, but it also is useful in
relieving edema associated with the malignancy. hpHAse
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can be administered for treatment of edema in a manner
similar to that for administration of bovine testicular hyalu-
ronidase to treat edema (see, e.g., SaEarp 4rq. Braz. Med.
44:217-20).

[0124] Of particular interest is the use of hpHAse polypep-
tides in the treatment of metastatic and non-metastatic
cancers, particularly metastatic cancers, having decreased to
undetectable hpHAse activity relative to non-cancerous
(normal) cells. hpHAse can be used as a chemotherapeutic
agent (alone or in combination with other chemotherapeu-
tics) in the treatment of any of a variety of cancers, particu-
larly invasive tumors. For example, hpHAse polypeptides
can be used in the treatment of small lung cell carcinoma,
squamous lung cell carcinoma, as well as cancers of the
breast, ovaries, head and neck, or any other cancer associ-
ated with depressed levels of hpHAse or with a defective
LuCa-1 (hpHAse) gene (e.g., a LuCa-1 gene that does not
provide for expression of adequate hpHAse levels or
encodes a defective hpHAse that does not provide for an
adequate level of hyaluronidase activity) or other defect
associated with decreased hpHAse activity.

[0125] hpHAse can also be used to increase the sensitivity
of tumors that are resistant to conventional chemotherapy. In
one embodiment, hpHAse is administered to a patient hav-
ing a tumor associated with a LuCa-1 defect in an amount
effective to increase diffusion around the tumor site (e.g., to
increase circulation of chemotherapeutic factors (e.g.. to
facilitate circulation and/or concentrations of chemothera-
peutic agents in and around the tumor site), inhibit tumor
cell motility (e.g.. by HA degradation) and/or to lower the
tumor cell(s) threshold of apoptosis (i.e., bring the tumor
cell(s) to a state of anoikis), a state that renders the tumor
cell(s) more susceptible to the action of chemotherapeutic
agents or other agents that may facilitate cell death, prefer-
ably preferentially facilitate programmed cell death of cells
in anoikis. Chemotherapeutic agents as used herein is meant
to encompass all molecules, synthetic (e.g, cisplatin) as well
as naturally-occurring (e.g., tumor necrosis factor (TNF)),
that facilitate inhibition of tumor cell growth, and preferably
facilitate, more preferably preferentially facilitate tumor cell
death.

[0126] Patients having or susceptible to a disease or con-
dition that is amenable to treatment with hpHAse can be
identified using a variety of conventional methods, or by
using an assay device of the invention having bound anti-
native hpHAse antibodies as described above to determine
blood, plasma, serum, or urine hpHAse levels, preferably
blood, plasma, or serum, and correlate such levels with a
LuCa-1 defect. For example, where the patient is suspected
of having or of being susceptible to a condition associated
with decreased hpHAse activity, a biological sample (e.g.,
blood, serum, or plasma) can be obtained from the patient
and assayed using the HAse assay and/or immunoassays
using anti-native hpHAse antibodies as described above.

[0127] Alternatively, particularly where the patient has or
is suspected of having a cancer associated with a LuCa-1/
hpHAse defect, anti-native hpHAse antibodies can be used
to determine the levels of hpHAse in a tissue sample (e.g,,
hpHAse present in the plasma membrane of, inside of, or
surrounding cells associated with the tumor tissue).

[0128] Decreased levels of hpHAse in the tissue sample
relative to levels of hpHAse associated with a normal (i.e.,
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non-cancerous) tissue sample is indicative of a LuCa-1/
hpHAse defect-associated cancer.

[0129] The route of administration and amount of hpHAse
administered will vary widely according to the disease to be
treated, and various patient variables including size, weight,
age, disease severity, and responsiveness to therapy. Meth-
ods for determining the appropriate route of administration
and dosage are generally determined on a case-by-case basis
by the attending physician. Such determinations are routine
to one of ordinary skill in the art (see, for example, Harri-
son’s Principles of Internal Medicine, 11th Ed., 1987). For
example, where hpHAse is used to facilitate hypodermocly-
sis, a solution containing hpHAse is administered by sub-
cutaneous injection to facilitate absorption of the solution
(e.g., nutrient, body fluid replacement, or blood pressure
increasing solution). Preferably, hpHAse is administered by
injection, e.g., parenteral injection including subcutaneous,
intramuscular, intraorbital, intracapsular, peritumoral, and
intravenous injection.

[0130] In apreferred embodiment, hpHAse polypeptide is
delivered to the patient having an hpHAse-treatable tumor
by delivery of hpHAse polypeptide directly to the tumor site,
e.g., by peritumoral injection of hpHAse, injection or
hpHAse directly into the tumor mass, and/or introduction of
hpHAse-encoding DNA in a tumor cell, peritumor cell, or
other cell capable of expressing and secreting hpHAse (e.g.,
liver cell or monocyte). Because hpHAse has a fatty acid
modification (e.g., a lipid moiety), hpHAse may be readily
incorporated into the plasma membrane of cells following
injection at the site where hpHAse action is desired (see,
e.g., 1995 J. Cell Bio. 13(3):669-77). Further, hpHAse may
also complex with LDL (Low Density Lipoprotein) recep-
tors and be internalized into the cell by receptor-mediated
endocytosis.

[0131] In one preferred embodiment, hpHAse is delivered
to the patient within a liposome formulation to provide
intracellular delivery of hpHAse to the target cell (e.g., a
cancerous cell having a LuCa-1/hpHAse defect) and/or
incorporating hpHAse into the plasma membrane of such
target cell. Preferably, the liposome formulation is prepared
to provide for specific, targeted delivery of hpHAse incor-
porated within the liposome to a target cell. Because
hpHAse is fairly insoluble in aqueous solution (e.g., hpHAse
precipitates in aqueous solution when the NaCl concentra-
tion 1s less than 50 mM), liposome incorporation creates a
more soluble preparation due to the biochemical character-
istics of hpHAse associated with its post-translational fatty
acid chain modification. Furthermore, introduction of
hpHAse into the circulation would likely result in associa-
tion of hpHAse with high density lipoprotein (HDL) com-
plexes, since hpHAse co-purifies with these lipid fractions
of plasma.

[0132] The biochemical characteristics identified by the
present inventors indicate that hpHAse can be easily incor-
porated into liposomes. Methods for preparation of lipo-
somes and administration of same are well known in the art.
For example, hpHAse-containing liposomes can be prepared
by combining detergent-free immunoaffinity purified (IAP)
hpHAse and liposome formulation as described in Liposome
Technology, G. Gregoriadis, ed., 1984, CRC Press, Boca
Raton, Fla. Preferably the liposome formulation of the
invention comprises a compound(s) that enhance hpHAse
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activity. In a preferred embodiment, the hpHAse liposome
formulation comprises cholesterol and/or cardiolipin, more
preferably, cardiolipin. Without being held to theory, car-
diolipin enhances hpHAse activity by preventing the dena-
turation of hpHAse, thus maintaining the stability of the
enzyme and enhancing its incorporation into the plasma
membranes of target cells. As discovered by the inventors,
hpHAse activity is not enhanced by the presence of phos-
phatidyl-ethanolamine or phosphatidyl-choline. Liposome
formulations comprising cholesterol and cardiolipin are
especially preferred.

[0133] Especially where hpHAse is to be used in therapy,
e.g., chemotherapy, it may be desirable to modify hpHAse to
provide one or more desirable characteristics. For example,
although hpHAse is a serum protein and thus should inher-
ently have a substantial half-life in serum, it may be desir-
able to increase its biological half-life S (e.g., serum half-
life) by, for example, modification of the polypeptide.
Various methods for increasing the half-life of a protein are
well known in the art and include, for example, conjugation
of the protein to polyethylene glycol moieties, i.e., PEGy-
lation (see. for example, U.S. Pat. No. 4,179,337, U.S. Pat.
No. 5,166,322, U.S. Pat. No. 5,206,344; Nucci et al., 1991,
Adv. Drug Delivery Rev. 4:133-151; Zalipsky et al., 1991,
“Polymeric Drugs and Drug Delivery Systems,” ACS) con-
Jugation of the protein to dextran (Maksimenko, 1986, Bull.
Exp. Biol. Med. (Russian) 52:567-569), and degtycosylation
of the protein by treatment with endoglycosidase F (Lace et
al., 1990, Carbohydrate Res. 208:306-311).

[0134] In general, these methods are designed to increase
the molecular weight of the protein, decrease the sensitivity
of the protein to proteinases, and/or decrease the rate of
clearance of the protein from the subject to be treated. The
increased half-life of modified hpHAse polypeptides
decreases the amount of protein needed for an effective
dosage, reduces the number and frequency of administra-
tions required, and decreases the patient’s exposure to the
protein, thus decreasing the potential for allergic reactions,
toxic effects, or other side effect. These characteristics of
modified hpHAse polypeptides having an increased half-life
also allow for long-term use of the protein with less potential
for undesirable side effects related to protein immunogenic-
ity and/or toxicity. Preferably these methods can be used so
that the half-life of the protein is increased without substan-
tially compromising the protein’s biological activity. The
enzymatic activity of hpHAse can be assayed by, for
example, using the HAse activity assay of the invention.
Methods for testing the biological half-life of a proteins are
well known in the art.

[0135] The specific dosage appropriate for administration
can be readily determined by one of ordinary skill in the art
according to the factors discussed above (see, for example,
Harrison's Principles of Internal Medicine, 11th Ed., 1987).
In addition, the estimates for appropriate dosages in humans
may be extrapolated from determinations of the level of
enzymatic activity of hpHAse in vitro and/or dosages effec-
tive in animal studies. For example, 70-300 TRU hyalu-
ronidase is effective in reducing the tumor load in a scid
mouse. Given this information, the corresponding dosages in
the average 70 kg human would range from about 250,000-
1,200,000 TRU hyaluronidase. The amount of hpHAse
polypeptide administered to a human patient is generally in
the range of 1 TRU to 5,000,000 TRU of enzymatic activity,
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preferably between about 1,000 TRU to 2,500,000 TRU,
more preferably between about 100,000 TRU to 1,500,000
TRU, normally between about 250,000 TRU and 1,200,000
TRU, with about 725,000 TRU representing average pre-
scribed doses.

[0136] In one embodiment, an hpHAse polypeptide is
formulated in a 0.15 M saline solution containing hpHAse at
a concentration of about 150,000 TRU/cc. The formulation
is then injected intravenously at 15,000 TRU/kg body
weight of the patient. Alternatively, the enzyme formulation
may also be injected subcutaneously to allow the hyalu-
ronidase to perfuse around the tumor site. In a preferred
embodiment, hpHAse is injected peritumorally or into the
tumor mass. In another preferred embodiment, hpHAse is
formulated as a liposome and is delivered by injection either
intravenously or at or near the site of cancerous cells
associated with a defect in the LuCa-1 (hpHAse) gene.
Injection of hpHAse intravenously results in hpHAse in the
tumor site.

Anti-Cancer Therapy by Expression of hpHAse in Cancer-
ous or Pre-Cancerous Cells

[0137] The association of cancer with defects in the
human chromosome at 3p21.3 has been described in several
tissues (see, e.g., ). The LuCa-1 gene is one of several
candidate tumor suppressor genes at 3p21.3. The identity of
LuCa-1 and hpHAse, as well as the observations that hyalu-
ronidase expression is associated with inhibition of tumor
progression and tumor formation in mice (De Maeyer et al.
supra; Pawlowski et al. supra), indicate that the LuCa-1
gene, which encodes hpHAse, has activity as a tumor
suppressor gene. Therefore, introduction of a nucleotide
sequencers) encoding LuCa-1/phase into the genome of cells
having a LuCa-1/phase defect can repair the defect and thus
prevent or inhibit tumor development and/or progression
(e.g., replacement gene therapy). The introduced hpHAse-
encoding sequence can be either constitutively or inducibly
expressed upon transformation of the target cell. Alterna-
tively, the LuCa-1/phase defect can be repaired by introduc-
tion of genetic elements that may enhance expression of
hpHAse (e.g., introduce an inhibitor of a factor that is
responsible for inhibition of hpHAse transcription or trans-
lation). This latter approach may be useful where the
hpHAse coding sequence itself is not defective, but rather
the defect results from decreased expression of hpHAse. For
example, transformation of tumor cells or cells in the
vicinity of tumors cells (e.g., which can express hpHAse
which in turn is exposed to the tumor cells) can be used in
the treatment of small lung cell carcinoma, squamous lung
cell carcinoma, as well as cancers of the breast, ovaries, head
and neck, or any other cancer associated with depressed
levels of hpHAse or with a defective LuCa-1 (phase) gene
(e.g., a LuCa-1 gene that does not provide for expression of
adequate hpHAse levels or encodes a defective hpHAse that
does not provide for an adequate level of hyaluronidase
activity) or other defect associated with decreased hpHAse
activity.

[0138] Methods for introduction of a sequence of interest
into a host cell to accomplish gene therapy are known in the
art. In general, such gene therapy methods include ex vivo
and in vivo methods. Ex vivo gene therapy according to the
present invention involves, for example, transformation of
cells isolated from the patient with an hpHAse polypeptide
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encoding sequence, and implantation of the transformed
cells in the patient to provide a reservoir of hpHAse pro-
duction, preferably at a site within or near the tumor. The
implanted cells thus provide secreted hpHAse to combat the
progression of tumor(s) in the patient. Methods for accom-
plishing ex vivo gene therapy are well known in the art (see,
e.g., Morgan et al. 1987 Science 237:1476; Gerrard et al.
1993 Nat. Genet. 3:180). In vivo gene therapy according to
the present invention is used accomplished repair of the
hpHAse defect within the patient by delivery of hpHAse
polypeptide-encoding nucleic acid, introduction of the
nucleic acid into the cells (e.g., into cancerous cells, pre-
cancerous cells, peritumoral cells, or cells capable of
expressing and secreting hpHAse, preferably into cancerous
or pre-cancerous cells), and expression of hpHAse by the
transformed cells in the patient, thereby repairing the
hpHAse defect.

[0139] Several different methods for transforming cells
can be used in accordance with either the ex vivo or in vivo
transfection procedures. For example, various mechanical
methods can be used to deliver the genetic material, includ-
ing the use of fusogenic lipid vesicles (liposomes incorpo-
rating cationic lipids such as lipofection; see Felgner et al.,
Proc. Natl. Acad. Sci. U.S.4. 84:7413-7417 (1987)); direct
injection of DNA (Wolff, et al., Science (1990) 247:1465-
1468); pneumatic delivery of DNA-coated gold particles
with a device referred to as the gene gun (Yang et al., Proc.
Natl. Acad. Sci. U.S.4. 1990; 87:1568-9572); and various
viral vectors (e.g., non-replicative mutants/variants of aden-
ovirus, retrovirus, adeno-associated virus, herpes simplex
virus (HSV), cytomegalovirus (CMV), vaccinia virus, and
poliovirus). A review of the different techniques along with
a citation of numerous publications in each area is contained
within a recent article on human gene therapy (see Morsy et
al. 1993 JAMA 270:2338-2345).

[0140] The formulation to accomplish gene therapy will
vary with the gene therapy method used, the route of
administration (e.g,, administration for systemic gene
therapy or administration for transformation of specifically
targeted cells), and the site targeted for transformation (e.g.,
lung, breast, or ovaries). The hpHAse polypeptide-encoding
nucleic acid sequence may be naked (i.e., not encapsulated),
provided as a formulation of DNA and cationic compounds
(e.g., dextran sulfate), or may be contained within lipo-
somes. Alternatively, the DNA of interest can be pneumati-
cally delivered using a “gene gun” and associated techniques
which are well known in the art (Fynan et al. 1993 Proc.
Natl. Acad. Sci. USA 90:11478-11482). The various ele-
ments of the construct for hpHAse expression in the target
cell (e.g., the promoter selected, the presence of elements to
enhance expression) will also vary according to the cell type
and level of hpHAse expression desired.

[0141] The amount of DNA administered will vary greatly
according to a number of factors including the susceptibility
of the target cells to transformation, the size and weight of
the subject, the levels of hpHAse expression desired, and the
condition to be treated. For example, the amount of DNA
injected into a human breast tumor is generally from about
1 pg to 200 mg, preferably from about 100 pg to 100 mg,
more preferably from about 500 pg to 50 mg, most prefer-
ably about 10 mg. Generally, the amounts of DNA for
human gene therapy can be extrapolated from the amounts
of DNA effective for gene therapy in an animal model. For
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example, the amount of DNA for gene therapy in a human
is roughly 100 times the amount of DNA effective in gene
therapy in a rat. The amount of DNA necessary to accom-
plish cell transformation will decrease with an increase in
the efficiency of the transformation method used.

[0142] Numerous other uses for phase, anti-phase anti-
bodies, and hpHAse polypeptide-encoding nucleotide
sequences are readily apparent to one of ordinary skill in the
art. Nucleotide sequences encoding hpHAse polypeptides
can be used in hybridization screening methods to detect
other hyaluronidases having homology to hpHAse.

Deposits

[0143] The hybridoma cell lines 17E9 and 4D5, which
produces an anti-hpHAse antibody that binds native
hpHAse, has been deposited on behalf of The Regents of the
University of California, 300 Lakeside Drive, 22nd Floor,
Oakland, Calif. 94612 with the American Type Culture
Collection (ATCC), Rockville, Md., U.S.A. for patent pur-
poses. The deposit of the hybridoma cell line 17E9 was
received by the ATCC on Oct. 17, 1996, ATCC Designation
ATCC HB-12213. The deposit of the hybridoma cell line
4D5 was received by the ATCC on Oct. 17, 1996, ATCC
Designation ATCC HB-12214. The hybridoma cells were
deposited under the conditions specified by the Budapest
Treaty on the international recognition of the deposit of
microorganisms (Budapest Treaty).

[0144] Availability of the deposited material is not to be
construed as a license to practice the invention in contra-
vention of the rights granted under the authority of any
government in accordance with its patent laws.

EXAMPLES

[0145] The following examples are put forth so as to
provide those of ordinary skill in the art with a complete
disclosure and description of how to carry out the invention
and is not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure
accuracy with respect to numbers used (e.g., amounts,
temperatures, etc.), but some experimental error and devia-
tion should be accounted for. Unless indicated otherwise,
parts are parts by weight, molecular weight is weight aver-
age molecular weight, temperature is in degrees Centigrade,
and pressure is at or near atmospheric.

Example 1

Hyaluronidase (HAse) Activity-Assay Using
Covalently-Bound Biotinylated Hyaluronic Acid

[0146] Human umbilical cord hyaluronic acid (HA; ICN)
was biotinylated through free carboxyl groups with biotin
hydrazide (Pierce), coupled using 1-ethyl-dimethylamino-
propyl carbodiamide (EDC, Sigma). 100 mg of hyaluronic
acid (HA) was dissolved in 0.1 M Mes pH 5.0, and biotin
hydrazide (Pierce), dissolved in DMSO, was added to a final
concentration of 1 mM. EDC was dissolved into the HA/bi-
otin solution to a final concentration of 0.03 mM and left
stirring overnight at 4° C. Uncoupled biotin was then
removed through exhaustive dialysis against distilled water
(dH20) and was stored at —20° C. at a final concentration of
1 mg/ml.
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[0147] Up to about 10 days before performing the hyalu-
ronidase assay, the biotinylated hyaluronic acid (hHA) was
then covalently coupled to Covalink-NH microtiter plates
(NSNC, Placerville, N.I.) at a final concentration of 5 pg of
bHA/well with 9.2 pg/well Sulfo-NHS (Pierce) and 6
pg/well fresh EDC overnight at 4° C. Unbound HA was
removed through washing plates with wash buffer (PBS with
2 M Na(l, 50 mM MgSO,, 0.05% Tween-20). Incubations
for plasma hyaluronidase activity were performed by dilut-
ing human plasma 1:400 in assay buffer (0.1 M Formate pH
3.7, 0.1 M NaCl, 1% Triton X-100, 0.02% Azide, 5 mM
CaCl12 and 5 mM sacharrolactone (to inhibit exoglycosidase
activity)) and incubating 100 pl samples in the bHA plates
for 30 min at 37° C. The reaction was terminated through the
addition of 6 M Guanidine HCI and washed three times with
PBS wash buffer.

[0148]
covalently bound to the plate was reacted with avidin

Residual undigested hyaluronic acid remaining

peroxidase (ABC-kit Vectastain) using o-phenylendiamine
as a substrate. Fluorescence associated with bHA was
detected using a microtiterplate reader at 492 nm. A standard
curve was generated through co-incubation of serial dilu-
tions of bovine testicular hyaluronidase (WYDASE™) and
activity of unknown samples were interpolated through a
four parameter curve fit to yield values given in relative
Turbidity Reducing Units (fTRU)/ml related to the standard-
ized commercial preparations of hyaluronidase.

[0149] The bHA hyaluronidase activity assay is approxi-
mately 1,000 times more sensitive than the conventional
calorimetric assay (Afify et al. supra) and requires only 60
min to complete. Moreover, the assay does not require the
tedious preparation of a biotinylated-HA binding aggrecan
peptide from bovine nasal cartilage as used in conventional
ELISA-like assays (Stem et al. supra; Delpech et al. supra).
The assay can also be used to detect HAse activity from cell
cutures that produce very low levels of activity by using
longer incubation periods.

Example 2

Purification of Human Plasma Hyaluronidase Using
the Biochemical Purification Method of the

Invention
[0150] hpHAse was purified in a three-step biochemical
procedure: 1) temperature-induced detergent hpHAse

extraction of human plasma; 2) Fast Flow-S cation exchange
chromatography; and 3) hydroxyl-apatite resin. Hyalu-
ronidase activity and protein concentration were determined
at each stage of purification, and the specific hyaluronidase
activity calculated. Hyaluronidase activity was determined
using the assay in Example 1. Protein concentration was
determined by both absorbance at 280 nm and with the
Biorad (Burlingame, Calif.) protein microassay kit (Teng-
blad 1979 Biochim. Biophys. Acta 578:281-289) in 96 well
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plates, using crystallized bovine serum albumin as a stan-
dard and read at 595 nM.

[0151] 1) Temperature-Induced Detergent Phase Extrac-
tion
[0152] Two liters of outdated human plasma, obtained

from either UCSF or Irwin Memorial blood donor centers,
were routinely used for enzyme purifications. Two liters of
chilled human plasma were dissolved in a solution 0.02%
Sodium Azide, 50 mM NaCl, 5% sucrose and 7.5% Triton
X-114 (Boehringer Mannheim) were dissolved at 4° C. with
stirring for 90 min followed by centrifugation at 10,000xg
for 30 min to remove insoluble material. The plasma was
then subjected to temperature-induced phase extraction at
37° C. to separate the detergent-rich and detergent-poor
phases. The extract was centrifuged at 10,000xg for 30 min
at 37° C. to clarify the two phases. The detergent-rich phase
was removed and diluted to 2 liters with cold 50 mM Hepes,
pH 7.5, 0.15 M NaCl. The solution was then allowed to mix
thoroughly on ice followed by repartitioning at 37° C. with
centrifugation. This was repeated three times in order to
increase the specific activity of the hyaluronidase that par-
titioned into the detergent phase. The final detergent-rich
phase was enriched 60-fold for hpHAse specific activity
relative to the human plasma starting material as determined
by the HAse activity assay of Example 1.

[0153] 2) Fast Flow-S Cation Exchange Chromatography

[0154] The final detergent-rich phase from step 1) was
diluted six-fold with 20 ml of equilibrated SP-Sepharose
cation exchange resin (Pharmacia) in 25 mM Mes, pH 6.0
and stirred overnight at 4° C. The beads were collected
through centrifugation and washed extensively with 25 mM
Mes, pH 6.0, containing 46 mm octylglucoside (Boehringer
Mannheim). Hyaluronidase was eluted from the beads
through the addition of 0.3 M NaCl in Mes pH 6.0 buffer
with several washes. The SP-Sepharose eluant was concen-
trated on a YM3 (Amicon) membrane and desalted into 10
mM PO, pH 7.4 with 25 mM NaCl, 46 mM octylglucoside
on a fpl.c. Fast-Desalting column.

[0155] 3) Hydroxyl-Apatite Resin

[0156]
combined with 10 ml of equilibrated hydroxylapatite resin
(Biorad) and left on a rocker overnight at 4° C. hpHAse did
not adsorb to the resin under these conditions and was
recovered in the supernatant. hpHAse recovered in the
supernatant was purified to homogeneity as determined by
electrophoretic analysis on silver-stained 12.5% polyacry-
lamide gels on a Pharmacia Phast Gel System.

The hyaluronidase preparation from step 2) was

[0157] Table 1 is a summary of the hyaluronidase activity,
protein concentration, and specific activities of the hpHAse-
containing fractions during each of the purification steps
described above.
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TABLE 1
Biochemical Purification of hpHAse
Specific
Activity  Protein Activity X-Fold

Purification Step Volume (ml) (TRU/ml) (mg/ml) (@TRU/mg) Purification
Starting Material 2,100 35 86 0.406 1.0
(human plasma)
1) Final Detergent 650 33 1.3 254 63
Phase
2) Fast Flow-S Cation 60 208 0.8 350.6 875
Exchange
3) Hydroxyl-Apatite 15 907 0.0015 60x10° 1.5 x 108
(unbound)
[0158] Summary of Results of Biochemical hpHAse Puri- [0162] Gel filtration chromatography on an S200-fp.l.c.
fication column (Pharmacia) at neutral pH resulted in elution of the

o ) ' . HAse activity peak within the void volume at approximately
[0159] Purification of hpHAse using the biochemical 120 kDa. When gel filtration chromatography was per-

method described above revealed that hpHAse has the
unique property of partitioning into the temperature-induced
detergent phase. hpHAse partitioning into the detergent-rich
phase is usually observed with certain integral membrane or
lipid-anchored proteins (Bordier 1981 J. Biol Chem.
2:1604-7). Treatment of hpHAse with phosphatidylinositol
specific phospholipase-C (which cleaves glycosyl-phos-
phatidyl inositol (GPI) anchors), phospholipase-D (which
cleaves GPI anchors), or N-glycosidase-F (which cleaves
N-linked glycosylated moieties) did not alter the hpHAse
partitioning properties of hpHAse (although N-glycosi-
dase-F treatment combined with gel zymography did show
that hpHAse has at least two N-linked glycosylation sites).

[0160] These experiments suggested that hpHAse is an
integral membrane protein or has a phospholipase-resistant
anchor, similar to the GPI anchor of human erythrocyte
acetylcholinesterase (Roberts et al. 1988 J. Biol Chem.
263:18766-75). Although GPI anchors are normally associ-
ated with proteins that reside on the extracellular domain of
the plasma membrane, there are examples of GPI anchored
proteins in serum (e.g., CD39, Vakeva et al. 1994 Immunol-
ogy 82:28-33). Furthermore, several of the neutral PH20
sperm hyaluronidases have GPI-specific phospholipase-C-
susceptible anchors (Gmachl et al. 1993 FEBS Lett.
336:545-8; Thaler et al. 1995 Biochemistry 34:7788-95), but
no GPIl-anchor-like post-translation modifications have been
described in an acid active hyaluronidases. Moreover, such
post-translational modification would not be obvious from
the amino acid or nucleotide sequence encoding such acid
active hyaluronidases (i.e., no specific sites for post-trans-
lational modification by addition of a fatty acid or GPI
anchor have been described). For example, there is no
presently known consensus sequence for CPI-anchored pro-
teins. The consensus sequence for isoprenylated proteins
(CAAX) is known; however, hpHAse does not contain this
sequence.

[0161] hpHAse displayed other strongly amphiphilic char-
acteristics. For example, hpHAse precipitated from solution
when the ionic strength of the solution in which hpHAse was
dissolved was lowered through dialysis. hpHAse was
enriched within the 0-30% ammonium sulfate fraction. The
concavalin-A binding properties of hpHAse revealed that
hpHAse is a mannose-containing glycoprotein.

formed in the absence of non-ionic detergents, the HAse
activity peak eluted at approximately 60 kDa. This differ-
ence in the molecular weight associated with the hpHAse
activity is likely due to hpHAse aggregation or oligimerza-
tion (e.g., through intramolecular bonds) in the presence of
detergents. hpHAse is very stable at 37° C. in the presence
of non-ionic detergents; thus, Triton X-114 phase extractions
are ideal as an initial fractionation step, particularly since
few plasma proteins partition into the detergent-rich phase.

[0163] During cation exchange chromatography to
remove detergent and further purify hpHAse, it was found
that the addition of non-ionic detergents and maintenance of
at least 50 mM NaCl was essential to prevent precipitation
of the enzyme. Batch adsorption chromatography preserved
activity in comparison to column chromatography. Interest-
ingly, hpHAse activity was not retained when concentrating
hpHAse-containing preparations on 10 kDa cut off mem-
brane in the presence of 60 mM octylglucoside; however,
hpHAse activity was retained by using a 3 kDa cutoff
membrane. These results suggest that the Stokes radius for
hpHAse deviates substantially from a spherical model.
These data show that hpHAse does not have a spherical
shape in the presence of octyl glucoside detergent as
assumed for most globular proteins, but rather likely has
more rod-like shape. hpHAse in one dimension appears to
have a molecular weight of 6-7 kDa protein rather than a 57
kDa protein. The protein can thus in one dimension pass
through barriers reserved to small proteins and peptides,
which would explain the finding of the plasma enzyme in
human urine (see infra, usually the kidney excludes proteins
<50-60 kDa). Thus, patients may excrete a significant
amount of hpHAse into their urine if hpHAse is not incor-
porated into liposome or liposome-like structures.

[0164] The post SP-Sepharose preparation of hpHAse was
purified to homogeneity through adsorbtion of contaminat-
ing proteins with hydroxyl apatite resin, resulting in an
overall purification of 1.5 million fold. SDS-PAGE electro-
phoresis and silver staining of an hpHAse sample from this
final purification step revealed a single band, thus indicating
that hpHAse had been purified to electrophoretic homoge-
neity. The specific activity of the purified enzyme (600,000
rTRU/mg as tested using the assay described in Example 1)
was roughly 6-fold that of the reported values for the sperm
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hyaluronidase, PH20. The purified enzyme migrated on SDS
electrophoresis gels with a relative molecular mass of 57
kDa, though levels of nonionic detergents in the final
preparation made molecular mass analysis variable.

Example 3

Screening Assay for Anti-Native Acid Active HAse
(aaHAse) Antibodies

[0165] Biotinylated HA (bHA) was prepared as described
in Example 1. Approximately 5 pg of bHA/well and 1.25
pg/well. of goat anti-mouse IgG (Jackson Immunolabs) were
covalently coupled to Covalink-NH microtiter plates
(NUNC, Placerville, N.J.) with 9.2 pg/well Sulfo-NES
(Pierce) and 6 pg/well fresh EDC overnight at 4° C.
Unbound HA and goat antibody were removed through
washing plates with wash buffer (PBS with 2M NaCl, 50
mM MgSO,, 0.05% Tween-20).

[0166] Anti-native acid active HAse (anti-native aaHAse)
antibodies were screened by incubating candidate antibodies
with a sample containing an acid active HAse in a neutral pH
buffer composed of 1% Triton X-100 in phosphate-buffered
saline (PBS). If the sample was a diluted sample (e.g., a
diluted plasma sample), the neutral pH buffer additionally
contained 5 mg/ml bovine serum albumin (BSA). The
aaHAse-containing sample was incubated with the candi-
date antibodies to allow for formation of native aaHAse-
antibody complexes. The sample was then placed into
bHA/anti-mouse antibody wells and incubated to allow for
formation of anti-mouse antibody/anti-native aaHAse/aa-
HAse antibodies in the neutral pH buffer. A sample contain-
ing antibodies that do not bind aaHAse can be used as a
negative control.

[0167] Detection of antibodies bound to native aaHAse
was accomplished by first washing away unbound material
with neutral pH buffer, then replacing the neutral pH buffer
with the acidic assay buffer used in the HAse activity assay
described in Example 1 (0.1 M Formate pH 3.7, 0.1 M NaCl,
1% Triton X-100, 0.02% Azide, 5 mM CaCl2 and 5 mM
sacharrolactone). The shift in the pH from neutral to acidic
allows for the HAse activity of any bound aaHAse to
degrade the covalently bound bHA. The reaction was tet-
minated by addition of 6 M guanidine HCL, and washed
three times with PBS wash buffer (PBS, 2 M NaCl, 50 mM
MgSQ,, 0.05% Tween -20). Degradation of bHA was
detected by reaction of the wells with avidin peroxidase
using o-phenylendiamine as a substrate and reading the
plates at 492 nm as described in Example 1. Anti-native
aaHAse antibodies were identified by degradation of bHA.
The assay takes advantage of the aaHAse characteristic that
aaHAses have no affinity for the HA substrate above pH 4.5
(as determined through HA-Sepharose affinity chromatog-
raphy with hpHAse, data not shown).

Example 4

Generation and Identification of Anti-hpHAse
Monoclonal Antibodies

[0168] hpHAse isolated from the post-hydroxyl apatite
step in the purification method of Example 2 was used to
immunize five 6 week old female Balb-¢c mice according to
methods well known in the art (see, e.g., Harlow and Lane,
supra). Briefly, the hpHAse was combined with Freund’s
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complete adjuvant and injected intraperitoneally into the
mice. At 21 day intervals, the animals were boosted with
protein plus Freund’s incomplete adjuvant. The fourth and
final boost contained hpHAse in Freund’s incomplete adju-
vant was injected intravenously. Serum samples were
obtained, the mice sacrificed, and spleen cells from two of
the five isolated for preparation of hybridoma cell lines
according to methods well known in the art (see, e.g,
Harlow and Lane, supra; Schrier et al. supra). Fusion of the
balb/c cells was performed with sp2/0 myelomas.

[0169] Antibody-secreting hybridomas were screened
using the anti-native aaHAse antibody assay of the invention
as described Example 3. Briefly, hybridoma supernatants
from 20 fusion plates were incubated with diluted human
plasma for 60 min at 37° C. followed by incubation in the
bHA/anti-mouse-IgG plates for 60 min at 37° C. The plates
were washed five times with PBS containing 1% Triton
X-100 and 10 mg/ml BSA to remove non-immunoprecipi-
tated hyaluronidase. The acidic formate assay buffer (pH
3.7) was then added to the wells and incubated at 37° C. for
60 min. After stopping the reaction with 6 M guanidine,
undegraded bHA remaining in the wells was detected by
reaction of the wells with avidin peroxidase using o-phe-
nylendiamine as a substrate and reading the plates at 492 nm
as described in Example 3.

[0170] Eight clones were identified from the original 20
hybridoma fusion plates. Two clones, 17E9 (producing
1gG,. class antibody; kappa chain) and 4DS5 (producing IgG,
class antibody; kappa chain), were used to generate ascites.
Immunoglobulin from ascites of single-cell cloned hybri-
doma lines were generated in Balb/c mice and purified
through protein-A affinity chromatography. Neither the
17E9 or 4D5 antibodies blocked hpHAse activity. The 17E9
antibody is preferred for use in immunoaffinity purification
and immunoprecipitation; the 4D35 antibody is preferred for
use in immunohistochemistry.

Example 5

Immunoprecipitation of hpHAse using the 17B9
Monoclonal Antibody

[0171] hpHAse was immunoprecipitated from human
plasma using either purified IgG2a from the 17E9 anti-
native hpHAse clone or a control 1gGG2a non-specific anti-
body. Human plasma was diluted in R.LP.A. buffer (1%
NP40, 1% Deoxycholate, 1% Triton X-100, 5 mM EDTA in
PBS). Protein-A Sepharose conjugated to serial dilutions of
either control 1gGG2a antibody or 17E9 antibody was added
to the sample. Unbound material was separated from the
beads by centrifugation and the HAse activity remaining in
the supernatant detected using the assay described in
Example 1. As shown in FIG. 4, immunoprecipitation with
the 17E9 antibody resulted in removal of essentially all of
the detectable acid active hyaluronidase activity. Further, the
17E9 antibody did not bind bovine testicular hyaluronidase
(PH20), suggesting that 17E9 does not bind a carbohydrate
moiety or other moiety that may be shared by PH20 and
hpHAse.

Example 6

Immunoaffinity Purification of hpHAse

[0172] hpHAse was purified to homogeneity from raw
human plasma in a single step using the 17E9 antibody
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bound to an immunoaffinity chromatography column.
Approximately 3 mg of purified IgG from the 17E9 hybri-
doma clone ascites was coupled to a 1 ml High Trap-NHS
activated column (Pharmacia) as per the manufacturer’s
instructions. Human plasma was diluted 1:2 with RI.P.A.
buffer, and passed over the 17E9 IgG antibody column. The
column was then washed with PBS containing 2M NaCl,
100 mM octylglucoside followed by washing with 100 mM
citrate pH 4.0. hpHAse was eluted with 100 mM citrate, pH
3.0, with 150 mM NaCl. hpHAse eluted as a sharp, homog-
enous peak at pH 3.0. The specific activity of immunoaf-
finity purified hpHAse ranged from about 4x10°> rTRU/mg.
Thus very little, if any, activity is lost in the immunoaffinity
purification process relative to the biochemical purification
process. Moreover, immunoaflinity purification resulted in a
vield of hpHAse approximately 100% of the hpHAse in the
sample; HAse assay detected no HAse activity remaining in
the unbound fraction.

Example 7

Amino Acid Sequencing of hpHAse

[0173] Approximately 50 pg of immunoaffinity purified
hpHAse from Example 6 was digested with Lys-C (to
generate N-terminal fragments) or trypsin (to generate inter-
nal fragments) and chromatographed on a Vydac C-18
reverse phase column to separate fragments. Purified pep-
tides were sequenced on a gas phase Edman sequencer. For
N-terminal amino acid sequencing, the purified protein was
immobilized on a Prosorb membrane (ABI). N-terminal
amino acid sequencing was accomplished by automated
protein sequence analysis using gas phase Edman degrada-
tion. Fasta queries (Pearson et al. 1988 Proc. Natl. Acad. Sci.
US4 85:2444-8) of N-terminal and 5 separate internal amino
acid sequence derived from the Lys-C digests of purified
hpHAse revealed identity with the predicted amino acid
sequence of the LuCa-1 gene (GenBank accession no.
103056).

Example 8

Characterization of LuCa-1/hpHAse

[0174] As described in the Example 7 above, hpHAse is
identical to LuCa-1. The LuCa-1 gene is one of a group of
17 sequences located on chromosome 3p.21.3 that display a
100% loss of heterozygosity in small cell lung carcinoma
lines Dietrich et al. 1966 Clin. Chim. Acta 2:746-52). 3p.21
deletions spanning the region containing LuCa-1 have also
been described in non-small cell lung carcinomas, mammary
carcinoma, carcinoma of the prostate and head and neck
carcinoma. Chromatofocusing of hpHAse on a MONO-P
fp.lc. system provided additional data regarding the iden-
tity of hpHAse and LuCa-1. hpHAse eluted at pH 6.5, very
close to the LuCa-1’s calculated theoretical isoelectric point
of 6.58.

[0175] Pearson Lipman alignment (Pearson et al. supra) of
LuCa-1 and human testicular hyaluronidase PH20 amino
acid sequences revealed that LuCa-1 and PH20 share over
40% sequence identity and 60% percent homology (FIG. 5).
PH20 is a predominantly sperm-specific neutral hyalu-
ronidase and shares considerable homology with the venom
hyaluronidases found in bee and yellow jacket vespid ven-
oms (Gmachl et al. 1993 Proc. Natl. Acad. Sci. USA
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90:3569-73). The striking homology between a strictly acid
active plasma hyaluronidase (LuCa-1/hpHAse) and PH20 is
quite surprising given their very different pH optima, sug-
gesting that all mammalian f, 1-4 hyaluronidases, both
neutral and acidic, are in members of a highly conserved
family of enzymes.

[0176] Hydropathy plots of LuCa-1/hpHAse (FIG. 6) did
not reveal any rich hydrophobic domains (e.g., such as those
associated with integral membrane proteins) that would
explain the phase partitioning properties of hpHAse
described in Example 2. These data thus suggest that parti-
tioning of LuCa-1/hpHAse into the detergent-rich phase is
due to a post-translational modification (e.g., fatty acid chain
modification or phospholipase C/phospholipase D/N-gly-
cosidase F-resistant GPI anchor.

Example 9

Isolation of LuCa-1/hpHAse-encoding DNA

[0177] c¢DNA encoding the LuCa-1 coding sequence was
isolated using two rounds of nested PCR reactions with a
Agtl0 5'-STRETCH PLUS Human Liver c¢cDNA library
(Clontech Laboratories, Inc., Palo Alto, Calif., USA). In the
first round of PCR, which amplified nucleotides 590 to 1948
of the LuCa-1 ¢DNA, the following primers were used:
LuCaFl (5'-CAGGTTGTCCTGCACCAGTC-3"), and
LuCaRl (5'-ATGTGCAACTCAGTGTGTGGC -3'). The
PCR reaction was performed in a total reaction volume of 50
ml containing 1 ml of liver cDNA library, 1 ml each of 25
mM primers, 1 ml of 10 mM dNTPs (Gibco BRI, Grand
Island, N.Y., USA), 2 units of Pfu DNA polymerase (Strat-
agene Cloning Systems, La Jolla, Calif,, USA), buffered
with 10 mM Tris-HCI, 50 mM KCl, and 2 mM MgCl,. The
PCR reaction conditions included a 1 min denaturation step
at 95° C., 1 mm annealing step at 60° C., and a 1 min
extension at 74° C. for 37 cycles, followed by a final 7 min
extension at 74° C.

[0178] A second round of PCR amplification was used to
amplify nucleotides 612 to 1925 of the LuCa-1-encoding
cDNA with the nested PCR primers: LuCaF2 (5'-GTGC-
CATGGCAGGCCACC-3") and LuCaR2 (5-ATCACCA-
CATGCTCTTCCGC -3"). Primer LuCaF2 was phosphory-
lated prior to the PCR reaction in order to facilitate
subsequent unidirectional cloning of the PCR product. Phos-
phorylation was carried out by incubating 2 ml of 25 mM
LuCaF2 with 10 units of T4 Polynucleotide Kinase, 1 ml of
10 nM ATP buffered in 50 mM Tris-HCI pH 7.5, 10 mM
MgCl,, 5 mM dithiothreitol, and 0.1 mM spermidine in a
final volume of 9 ml. The reaction was carried out in a total
volume of 50 ml containing 1 ml of the final product from
the first PCR reaction as template, 4 ml of phosphorylated
LuCaF2, 1 ml of 25 mM LuCaR2, 1 ml 10 mM dNTPs
(Gibeco BRL), buffered with 10 mM Tris-HCI, 50 mM KCl,
and 1.5 mM MgCl, and containing 0.5 units of Taq DNA
polymerase (Gibco BRL). The second PCR reaction con-
sisted of 7 cycles of a | min denaturation at 95° C., a 1 min
annealing at 58° C., and a 1 min extension at 72° C.,
followed by a final extension at 72° C. for 7 min.

[0179] The product of the PCR reaction was ligated into 2
ul of the unidirectional TA-expression vector pCR3.1-Uni
(Invitrogen, San Diego, Calif., USA) with T4 DNA ligase.
The ligated vector was used to transform One Shot™
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TOP10F' (Invitrogen) competent cells, which were plated
out onto LB agar plates containing 50 pg/ml ampicillin and
incubated overnight at 37° C. Colonies were tested for the
presence of LuCa-1 inserts by growing overnight colonies in
10 ml LB broth with 50 pg/ml ampicillin, and by plasmid
purification with the Wizard™ Plus Miniprep DNA Purifi-
cation System (Promega Corporation, Madison, Wis., USA),
followed by restriction mapping of the vector with Dra III
endonuclease (Boehringer Manheim, Indianapolis, Ind.,
USA ) and automated fluorescent sequencing on an ABI
Prism™ DNA sequencer.

[0180] Restriction mapping with Dralll and sequencing of
the plasmid showed that the cloned sequence was identical
to the LuCa-1 sequence available in the GenBank database
except for a Val,,-Leu substitution found in the N-terminus.
Sequencing of the active PCR product from the liver Agt10
cDNA library revealed a G-C discrepancy between the
sequence obtained and the published LuCa-1 sequence at the
position corresponding to the 27th amino acid residue. Thus,
either the published Luca-1 sequence contains an error or the
clone sequenced here is an allelic variant.

Example 10

Expression of Recombinant LuCa-1 in Cos-7 Cell

[0181] The purified LuCa-l-encoding cDNA in the
pCR3.1-Uni expression plasmid was transfected into 50%
confluent cos-7 cells in T75 flasks for five hours using 9 pg
of DNA with 60 pl of Lipofectamine in 20 ml of DME/F12
50/50 mix with non-essential amino acids (CSF cells culture
facility) containing insulin, transferrin and selenium (Gibco
BRL). The transfected cells were then grown for an addi-
tional 48 hr in DME/F12 50/50 mix containing 10% fetal
bovine serum.

Example 11

Purification and Characterization of Recombinant
LuCa-1 Expressed in Cos-7 Cells

[0182] Recombinant LuCa-1 was further characterized to
further verify that LuCa-1 is identical to hpHAse by virtue
of its ability to bind anti-native hpHAse antibodies and
exhibit acid active HAse activity. Recombinant LuCa-1 was
expressed in cos-7 cells as described above and subjected to
the following experiments: 1) HAse activity assays using
anti-hpHAse antibodies; 2) immunoprecipitation of LuCa-1
using anti-native hpHAse antibodies; 3) gel zymography of
anti-native hpHAse antibody-precipitated LuCa-1; and 4)
determination of the pH optima of the acid active HAse
activity associated with LuCa-1. Cells transfected with 9 pg
of the pCR3.1-Uni vector containing the chloramphenicol
transferase gene served as a negative control (mock-trans-
fected cells).

[0183] HAse Activity of Recombinant LuCa-1 Using
Anti-hpHAse Antibodies in the Enzyme Capture Assay

[0184] Cos-7 cells expressing hpHAse and their condi-
tioned media were separately extracted with 2% Triton
X-114 followed by temperature-induced detergent phase
separation as described in Example 2. The detergent-rich
phase extracts were analyzed for HAse activity using the
enzyme immuno-capture assay of Example 1. Triton X-114
detergent phase extracts of both the cell layer and condi-
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tioned media contained an acid active HAse activity as
detected in the assay of the invention (FIG. 7A). Mock-
transfected control cells secreted a detectable, low-level,
acid active HAse activity (FIG. 7A).

[0185] To further assess the HAse activity of recombinant
hpHAse, HEK 293 cells were stably transfected with
hpHAse-encoding DNA in a manner similar to that
described above for transformation of Cos-7 cells. Briefly,
the hpHAse-encoding construct was transfected into HEK
293 cells using 9 ug of DNA with 60 ul of Lipofectin. After
48 hrs, the cells were plated out using the limiting dilution
method into 24 well plates with 500 pg/ml G418. After 14
days, the conditions media of resistant colonies was assayed
for hyaluronidase activity as described above. Colonies with
high level expression were expanded for further character-
ization. Analysis of the recombinant hpHAse was carried out
by groring an HEK-293 cell line overexpressing the
hpHAse-encoding construct for 48 hrs in serum free media.
The condition media was passed through a 17E9 anti-
hpHAse immunoaffintiy column. Recombinant hpHAse was
eluted using the protocol above. As shown in FIG. 7B, both
the cell layer and conditioned media contained an acid active
hpHAse activity; mock-transfected cells secreted no detect-
able hyaluronidase activity.

[0186] These data show that LuCa-1 exhibits an acid
active HAse activity, thus lending further support to the
observation that hpHAse and LuCa-1 are identical.

[0187] Immunoprecipitation of Recombinant LuCa-1 with
Anti-hpHAse Antibodies

[0188] Binding of anti-native hpHAse antibodies to
LuCa-1 was tested in the immunoprecipitation method
described in Example 5 using the 17E9 anti-hpHAse mono-
clonal antibody described in Example 4 bound to protein A
Sepharose. The 17E9 antibodies immunoprecipitated
LuCa-1 from both the LuCa-1 expressing-cells and from the
conditioned media. However, the acid active HAse activity
of mock transfected cells was not immunoprecipitated with
the 17E9 antibody-protein A Sepharose beads. These experi-
ments show that hpHAse and LuCa-1 share the antigenic
epitope bound by the 17E9 anti-native hpHAse antibody,
Moreover, this epitope is unique to hpHAse and LuCa-1,
since the 17E9 did not bind an acid active HAse expressed
by mock transfected cos-7 cells.

[0189] Gel Zymography of LuCa-1 Immunoprecipitated
with Anti-hpHAse Antibodies

[0190] Recombinant LuCa-1 was immunoprecipitated
with the 17E9 anti-native hpHAse antibody was also tested
for acid active HAse activity in substrate gel zymography
experiments according to methods known in the art (Afify et
al. supra). Briefly, cell lysates and conditioned media from
LuCa-1-transfected cells (test samples) and mock trans-
fected cells (chloramphenicol-transferase encoding plasmid,
negative control) were immunoprecipitated with anti-native
hpHAse bound to protein A Sepharose beads. The samples
were suspended in SDS sample buffer and electrophoresed
in 10% polyacrylamide gels containing 40 pg/ml HA.
Samples containing immunoprecipitated hpHAse (Example
5) and bovine testicular hyaluronidase (WYDASE™ 150
rTRU/ml) served as positive controls. Incubations were
performed as described by Afify et al. (supra) and digested
HA detected by staining with Alcian blue/Acetic acid fol-
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lowed by Commassie staining to enhance the Alcian/carbo-
hydrate stain and visualize protein.

[0191] The region of clearing the SDS-HA gel corre-
sponded with the same relative molecular mass as the
immunoaflinity purified hpHAse preparation. No zone of
clearing, and thus no immunoprecipitated acid active hyalu-
ronidase activity was observed in the mock-transfected cell
samples.

[0192] pH Optima of HAse Activity of Recombinant
LuCa-1
[0193] The HAse activity assay described in Example 1

was used to determine the pH optimum of the recombinant
LuCa-1 HAse activity. The HAse activity assay of Example
1 was performed as described, except that the assay buffer
was composed of 0.1 M Formate pH 3-4.5, Acetate pH 5.0,
Mes pH 6.0, Hepes pH 7.0-8.0, 0.1 M NaCl, 1% Triton
X-100, 0.02% Azide, 5 mM CaCl2 and 5 mM sacharrolac-
tone. Sigma Type VI-S testicular hyaluronidase (3,000 TRU/
mg solid), which contains the neutral HAse PH20 (maximal
HAse activity at about pH 7.5), was used as a comparison.
The Type VI-S sample was treated identically, except that
the assay buffer for this sample was prepared without NaCl
(NaCl inhibits neutral HAse activity). As shown in FIG. 8,
the pH optima curve of recombinant LuCa-1 displays the
same strictly acid active profile as immunoaflinity purified
hpHAse. Neither LuCa-1 nor hpHAse display HAse activity
above pH 4.5; in contrast, Type VI-S testicular hyalu-
ronidase exhibited HAse activity only above pH 7.5.

[0194] In summary, biochemical, molecular, and immu-
nological criterion strongly indicate that LuCa-1 and
hpHAse are identical.

Example 12

Organ Survey of LuCa-1/hpHAse and Transient
Bxpression of LuCa-1/hpHAse

[0195] The primers described in Example 11 that were
used to amplify the 1.3 kb coding region of the LuCa-1
c¢DNA were used to analyze the tissue distribution of LuCa-
1/hpHAse transcripts according to methods well known in
the art. Amplified PCR products from Agt10 ¢cDNA libraries
of various tissues were detected in heart, kidney, liver, lung,
placenta, and skeletal muscle, but were not detected in brain.
Heart tissue exhibited one of the highest levels of LuCa-1/
hpHAse transcript production.

[0196] Following procedures similar to those described
above, other hyaluronidases having substantially the same
sequence as hpHAse of the invention can be purified,
cloned, and expressed.

Example 13

Biochemical Purification of a Form of hpHAse
from Urine

[0197] The urine form of hpHAse was purified from
human urine according to the biochemical purification
method described in Example 2, except that concentrated
urine was used as the sample in lieu of outdated human
plasma. Urine hpHAse partitioned into the detergent-rich
Triton X-114 phase in a manner similar to that of hpHAse,
suggesting the urine hpHAse contains a lipid modification
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similar to that of hpHAse. The isoelectric point of urine
hpHAse is 6.5 as determined by elution in chromatofocusing
on Mono-P fp.l.c. Human urine hpHAse immunoprecipi-
tated with the anti-native hpHAse antibody 17E9.

[0198] Gel zymography revealed two bands of HAse
activity in crude plasma and urine samples. In plasma, HAse
activity was detected in two bands corresponding to 57 kDa
and 46-47 kDa; the 57 kDa band was the predominant
species. In urine, HAse activity was also detected in two
bands corresponding 57 kDa and 46-47 kDa; however,
neither species was predominant (i.e., the bands appeared in
the urine sample with equal intensity). These data suggest
that hpHAse and urine hpHAse are present in plasma and
urine, respectively, in two distinct modified forms (e.g., as a
holoprotein and a proteolytic or otherwise modified frag-
ment), or that there are two distinct acid active HAse
proteins present in urine and in plasma.

Example 14

Expression of hpHAse in Metastasis-Derived
Carcinomas

[0199] Several carcinoma lines (SCC 10A, SCC 10B,
HSC-3, NIC H740, and DMS 153) were examined for the
production of human plasma hyaluronidase by characteriz-
ing the levels of 17E9 immunoreactive hpHAse activity
using the immmunoprecipitation assay described in
Example 5 above. hpHAse levels were examined in both the
conditioned media and in the cell layer itself. Normal
foreskin human keratinocytes served as a positive control.
The SCC 10 A cell line is derived from a primary tumor of
a laryngeal carcinoma; the SCC 10B cell line is from a
lymph node metastasis from the same patient. The HSC-3
cell line is derived from a lymph node metastasis. The NIC
H740 cell line is a small cell lung carcinoma containing a
homozygous deletion of the region of chromosome 3p21.3
encoding hpHAse. The DMS 153 cell line is a classic small
lung cell carcinoma cell line (as opposed to a small lung cell
carcinoma variant cell line).

[0200] As shown in FIG. 9, the SCC 10A cell lines
produces hpHAse activity levels comparable to that of
normal human keratinocytes, but the levels of activity in the
lymph node metastasis from the same patient (SCC 10B) is
completely absent in the cell layer or conditioned media.
The HC-3 derived cell line exhibited no detectable hpHAse
activity (the hpHAse activity assay used can accurately
detect at least Yiooth of the activity found in normal kerati-
nocytes). Neither of the small cell lung carcinoma lines
MNC H740 or DMS 153 have detectable activity. NIC H740
and DMS 153 cells also did not generate any detectable
hpHAse-encoding transcripts (data not shown). These data
suggest that loss of hpHAse expression is strongly correlated
with tumorigenesis. The present inventors have identified no
metastasis-derived carcinoma that produces a functional
plasma hyaluronidase gene product. Some non-metastatic
lines derived from primary carcinomas do have functional
activity, suggesting that complete loss of enzyme function is
associated with tumor metastasis.

Example 14

Recombinant hpHAse Expression System Having
Improved Yield
[0201] A recombinant hpHAse expression system to pro-
vide high yields of hpHAse in the culture supernatant was
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developed. hpHAse-encoding DNA was operably inserted
into the CMV-promoter driven PCR3.1 Uni vector (Invitro-
gen). This hpHAse-encoding construct was then used to
transform HEK cells according to methods well known in
the art. The HEK cells were then grown in a T225 cm? flask
at37° C., 5% CO, in DME H21 (4.5 g/1 glucose), 10% FBS
media. Conditioned culture media was collected from the
cells and the levels of hpHAse assessed.

[0202] While there are often inherent difficulties generat-
ing recombinant plasma products with competitive yields to
raw plasma, the recombinant hpHAse expression system
described herein produces over 30-fold the amount of hyalu-
ronidase present in raw human plasma Cohn fraction-I paste
(prepared by cold alcohol precipitation according to meth-
ods well known in the art) (Table 1). In comparison, tran-
sient expression of hpHAse in Cos-7 cells expressed about
10% of the levels achieved with HEK cells. Without being
held to theory, mammalian cell lines that are adenovirus
transformed

TABLE 1

Levels of hpHAse in various preparations

Enzyme Source Hyaluronidase Activity

3-6 rTRU/ml
150.0 rTRU/ml

Human Plasma
Recombinant Plasma HA’se
Conditioned Media

[0203] The recombinant hpHAse from the mammalian
expression system is indistinguishable from the biochemi-
cally purified enzyme as determined by using several crite-
ria. Immunoaffinity purified recombinant hpHAse migrates
with the same molecular mass as biochemically purified
hpHAse. The amino acid sequence of immunoaflinity puri-
fied recombinant hpHAse has the same processed N-termi-
nus as the native plasma enzyme (FRGPLLVP). Moreover,
N terminal sequencing indicates that recombinant hpHAse is
processed properly in our expression system. Recombinant
hpHAse has a specific activity equivalent to biochemically
purified hpHAse as determined by gel zymography. 10U
samples of recombinant hpHAse, biochemically purified
hpHAse, and the “purest” commercial preparation of tes-
ticular hyaluronidase can depolymerize 100 pg of high
molecular weight HA in 10 min. In addition, recombinant
hpHAse displays the same detergent-phase partitioning
properties as the biochemically purified hpHAse, suggesting
that the expression system facilitates the correct post-trans-
lation processing of recombinant hpHAse.

Example 15

Activity of hpHAse in Inhibition of Tumor Growth
in an Animal Model

[0204] The ability of recombinant hpHAse to inhibit
tumor growth was examined in the HSC-3 bead and neck
squamous cell carcinoma model, an orthotopic tumor
xenografts (transplanted tumors into organ/tissue of origin).
Briefly, Nu/Nu mice were orthotopically implanted with
5x10 HSC-3 human squamous cell carcinoma cells in
Matrigel into the floor of the mouth. The cells were allowed
to grow for 7 days. Animals were then segregated randomly
into two groups.

Jun. 14, 2007

[0205] Recombinant hpHASe was prepared from HEK-
conditioned media overexpressing hyal-1 under a CMV
promoter using an immunoaffinity column having the 17E9
1gG2a antibody coupled to NHS sepharose. Eluted hpHAse
was exchanged into bovine HDL complex (Sigma) and
dialyzed against Biobeads. HDL complex carrier without
hpHAse served as a negative control. The material was
injected into the mice peritumorally (approximately 10 mm
from the primary tumor site) in a 100 pl volume. Approxi-
mately 400 rTRU hpHAse was administered per injection.
Injections were repeated every 48 hours. Tumor volume was
measured in 3 dimensions using a spherical model. As
shown in FIG. 10, administration of hpHAse significantly
reduced tumor volume.

Example 16

Inhibition of Tumor Growth by Expression of
hpHAse-Encoding DNA in an Animal Model

[0206] The effect of expression of hpHAse in tumor cells
upon tumor growth was examined by introducing a func-
tional hpHAse gene into a carcinoma line, where the
hpHAse-encoding sequence is under control of an inducible
promoter. The steroid-responsive expression plasmid ecdys-
one was chosen for this study since only those mammalian
cells that contain the appropriate steroid-responsive plasmid
responded to injection of the stimulating hormone (muris-
terone). This system thus permits examination of the effects
of specific reactivation of the hpHAse-encoding gene within
the tumor cells and assessment of in vivo effects.

[0207] HSC-3 oral squamous cell carcinoma cells were
transfected with Lipofectin (Gibco) at 60 pl lipofectin, 9 ug.
plasmid per T75 flask with a muristerone inducible gene
construct (Ecdysone system, Invitrogen) containing the
ecdysone receptor plasmid and encoding hpHAse (under
inducible steroid control), as well as G418S and zeocin
resistance. Cells transformed with the muristerone inducible
construct without hpHAse-encoding DNA served as a con-
trol. The transformed cells were injected in the floor of the
mouth of nu/nu mice at 5x10° cells per injection as described
in Example 15. After 7 days of tumor growth, the mice
received an intraperitoneal injection of muristerone (5 mg)
every 72 hours to induce expression of the constructs. Tumor
volumes were measured as described above in Example 15.
In addition, the time to cachexia (defined by a drop in animal
mass 15% below starting weight). Survival curves were
generated using a Kaplan Meyer analysis using percent
cachexic rather than percent surviving.

[0208] As shown in FIG. 11, mice having HSC-3 cells
transformed with the hpHAse-encoding construct were sig-
nificantly reduced in tumor growth relative to control mice.
Moreover, significantly fewer mice bearing the hpHAse-
expressing tumor cells progressed to cachexia over the
course of 39 days.

[0209] The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing
from the spirit or scope of the appended claims.



US 2007/0134228 Al

23

Jun. 14, 2007

<160> NUMBER OF SEQ ID NOS:

<210> SEQ ID NO 1

<211> LENGTH:

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Ala Gly His

1

Asp

Thr

Val

Thr

65

Thr

Pro

Ile

Asp

Asp

145

Asp

Gly

Leu

Asn

Ile

225

Ala

Lys

Ala

Ile

His

305

Trp

Lys

Met

Thr

Asp

50

Phe

Tyr

Gln

Leu

Trp

130

Ile

Trp

Ala

Arg

Tyr

210

Arg

Leu

Ser

Val

Phe

290

Ser

Val

Glu

Ala

Val

35

Val

Arg

Pro

Asn

Ala

115

Glu

Tyr

Pro

Ala

Pro

195

Asp

Ala

Tyr

Gln

Ala

275

Tyr

Leu

Ser

Tyr

Gln

20

Trp

Asp

Gly

Tyr

Ala

100

Ala

Ala

Arg

Ala

Arg

180

Arg

Phe

Gln

Pro

Met

260

Ala

Asp

Gly

Trp

Met

435

1

Leu

5

Gly

Asn

Val

Pro

Tyr

85

Ser

Ile

Trp

Gln

Pro

165

Ala

Gly

Leu

Asn

Ser

245

Tyr

Gly

Thr

Glu

Glu

325

Asp

Leu

Phe

Ala

Ser

Asp

70

Thr

Leu

Pro

Arg

Arg

150

Gln

Trp

Leu

Ser

Asp

230

Ile

Val

Asp

Thr

Ser

310

Asn

Thr

Pro

Arg

Asn

Val

55

Met

Pro

Ile

Ala

Pro

135

Ser

Val

Met

Trp

Pro

215

Gln

Tyr

Gln

Pro

Asn

295

Ala

Thr

Thr

11

Ile

Gly

Thr

40

Phe

Thr

Thr

Ala

Pro

120

Arg

Arg

Glu

Ala

Gly

200

Asn

Leu

Met

His

Asn

280

His

Ala

Arg

Leu

Cys

Pro

25

Gln

Asp

Ile

Gly

His

105

Asp

Trp

Ala

Ala

Gly

185

Phe

Tyr

Gly

Pro

Arg

265

Leu

Phe

Gln

Thr

Gly

Ala

10

Leu

Trp

Val

Phe

Glu

Leu

Phe

Ala

Leu

vVal

170

Thr

Tyr

Thr

Trp

Ala

250

Val

Pro

Leu

Gly

Lys

330

Pro

Leu

Leu

Cys

Val

Tyr

75

Pro

Ala

Ser

Phe

Val

155

Ala

Leu

Gly

Gly

Leu

235

Val

Ala

Val

Pro

Ala

315

Glu

Phe

SEQUENCE LISTING

Phe

Pro

Leu

Ala

60

Ser

Val

Arg

Gly

Asn

140

Gln

Gln

Gln

Phe

Gln

220

Trp

Leu

Glu

Leu

Leu

300

Ala

Ser

Ile

Leu

Asn

Glu

45

Asn

Ser

Phe

Thr

Leu

125

Trp

Ala

Asp

Leu

Pro

205

Cys

Gly

Glu

Ala

Pro

285

Asp

Gly

Cys

Leu

Thr

Arg

Arg

Pro

Gln

Gly

Phe

110

Ala

Asp

Gln

Gln

Gly

190

Asp

Pro

Gln

Gly

Phe

270

Tyr

Glu

Val

Gln

Asn

Leu

15

Pro

His

Gly

Leu

Gly

Gln

Val

Thr

His

Phe

175

Gly

Cys

Ser

Ser

Thr

255

Arg

Val

Leu

Val

Ala

335

val

Leu

Phe

Gly

Gln

Gly

80

Leu

Asp

Ile

Lys

Pro

160

Gln

Ala

Tyr

Gly

Arg

240

Gly

Val

Gln

Glu

Leu

320

Ile

Thr
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-continued

340 345 350

Ser Gly Ala Leu Leu Cys Ser Gln Ala Leu Cys Ser Gly His Gly Arg
355 360 365

Cys Val Arg Arg Thr Ser His Pro Lys Ala Leu Leu Leu Leu Asn Pro
370 375 380

Ala Ser Phe Ser Ile Gln Leu Thr Pro Gly Gly Gly Pro Leu Ser Leu
385 390 395 400

Arg Gly Ala Leu Ser Leu Glu Asp Gln Ala Gln Met Ala Val Glu Phe
405 410 415

Lys Cys Arg Cys Tyr Pro Gly Trp Gln Ala Pro Trp Cys Glu Arg Lys
420 425 430

Ser Met Trp
435

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Gly His Leu Leu Pro Ile Cys Ala Leu Phe Leu Thr Leu Leu
1 5 10 15

Asp Met Ala Gln Gly
20

<210> SEQ ID NO 3

<211> LENGTH: 435

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3

Met Ala Gly His Leu Leu Pro Ile Cys Ala Leu Phe Leu Thr Leu Leu
1 5 10 15

Asp Met Ala Gln Gly Phe Arg Gly Pro Leu Val Pro Asn Arg Pro Fhe
20 25 30

Thr Thr Val Trp Asn Ala Asn Thr Gln Trp Cys Leu Glu Arg His Gly
35 40 45

Val Asp Val Asp Val Ser Val Phe Asp Val Val Ala Asn Pro Gly Gln
Thr Phe Arg Gly Pro Asp Met Thr Ile Phe Tyr Ser Ser Gln Leu Gly
65 70 75 80

Thr Tyr Pro Tyr Tyr Thr Pro Thr Gly Glu Pro Val Phe Gly Gly Leu
85 90 95

Pro Gln Asn Ala Ser Leu Ile Ala His Leu Ala Arg Thr Phe Gln Asp
100 105 110

Ile Leu Ala Ala Ile Pro Ala Pro Asp Phe Ser Gly Leu Ala Val Ile
115 120 125

Asp Trp Glu Ala Trp Arg Pro Arg Trp Ala Phe Asn Trp Asp Thr Lys
130 135 140

Asp Ile Tyr Arg Gln Arg Ser Arg Ala Leu Val Gln Ala Gln His Pro
145 150 155 160

Asp Trp Pro Ala Pro Gln Val Glu Ala Val Ala Gln Asp Gln Phe Gln
165 170 175

Gly Ala Ala Arg Ala Trp Met Ala Gly Thr Leu Gln Leu Gly Gly Ala
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-continued

180 185 190

Leu Arg Pro Arg Gly Leu Trp Gly Phe Tyr Gly Phe Pro Asp Cys Tyr
195 200 205

Asn Tyr Asp Phe Leu Ser Pro Asn Tyr Thr Gly Gln Cys Pro Ser Gly
210 215 220

Ile Arg Ala Gln Asn Asp Gln Leu Gly Trp Leu Trp Gly Gln Ser Arg
225 230 235 240

Ala Leu Tyr Pro Ser Ile Tyr Met Pro Ala Val Leu Glu Gly Thr Gly
245 250 255

Lys Ser Gln Met Tyr Val Gln His Arg Val Ala Glu Ala Phe Arg Val
260 265 270

Ala Val Ala Ala Gly Asp Pro Asn Leu Pro Val Leu Pro Tyr Val Gln
275 280 285

Ile Phe Tyr Asp Thr Thr Asn His Phe Leu Pro Leu Asp Glu Leu Glu
290 295 300

His Ser Leu Gly Glu Ser Ala Ala Gln Gly Ala Ala Gly Val Val Leu
305 310 315 320

Trp Val Ser Trp Glu Asn Thr Arg Thr Lys Glu Ser Cys Gln Ala Ile
325 330 335

Lys Glu Tyr Met Asp Thr Thr Leu Gly Pro Phe Ile Leu Asn Val Thr
340 345 350

Ser Gly Ala Leu Leu Cys Ser Gln Ala Leu Cys Ser Gly His Gly Arg
355 360 365

Cys Val Arg Arg Thr Ser His Pro Lys Ala Leu Leu Leu Leu Asn Pro
370 375 380

Ala Ser Phe Ser Ile Gln Leu Thr Pro Gly Gly Gly Pro Leu Ser Leu
385 390 395 400

Arg Gly Ala Leu Ser Leu Glu Asp Gln Ala Gln Met Ala Val Glu Fhe
405 410 415

Lys Cys Arg Cys Tyr Pro Gly Trp Gln Ala Pro Trp Cys Glu Arg Lys
420 425 430

Ser Met Trp
435

<210> SEQ ID NO 4

<211> LENGTH: 2517

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

ttecoctecagg agtctetggt gecagetgggg tggaatctgg ccaggccctg cttaggecce 60
catcetgggg tcaggaaatt tggaggataa ggcccttcag ccccaaggtce agcagggacg 120
agcgggcaga ctggegggtg tacaggaggg ctgggttgac ctgteccttgg tcactgagge 180
cattggatct tcctecagtg getgeccagga tttetggtgg aagagacagg aaggectecce 240
ccecttggte gggtcagect gggggetgag ggectggetg tcagecacte ttecccagaac 300
atatgtcatg gcectcagtgg ctcatgggga agcaggggtg ggcgagetta ggctagagea 360
agtcectgtgg gagatggcag aggcctggtce tgagaggcaa ctcggatgtg ccctccagtg 420
gcecatgetee cctcecatgeg tectccectge cctectggag ccetgecaggt caatgtttaa 480

cagaaaccag agcagcggtg gattaatgcg caagggctca geccccccage cctgagcagt 540
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-continued

gggggaatcg gagactttgc aacctgttct cagctctgee tcccectggge aggttgtect 600
cgaccagtce cgtgeccatgg caggccacct gcttcccate tgcgecetet tcctgaccett 660
actcgatatg gcccaaggect ttaggggccce cttggtacce aaccggeccct tcaccaccgt 720
ctggaatgca aacacccagt ggtgcctgga gaggcacggt gtggacgtgg atgtcagtgt 780
cttcgatgtg gtagccaacc cagggcagac cttccgcgge cctgacatga caattttcta 840
tagctcccag ctgggcacct acccctacta cacgcccact ggggagcctg tgtttggtgg 900
tctgccccag aatgccagec tgattgccca cctggccege acattccagg acatcetgge 960
tgccatacct gcotcctgact tctcaggget ggcagtcate gactgggagg catggegecce 1020
acgctgggece ttcaactgqgg acaccaagga catttaccqgg cagecgetcac gggcactggt 1080
acaggcacag caccctgatt ggccagctcc tcaggtggag gcagtagccc aggaccagtt 1140
ccagggagct gcacgggcct ggatggcagg caccctccag ctgggggggg cactgcgtcc 1200
tecgeggecte tggggettet atggettcce tgactgctac aactatgact ttctaagecce 1260
caactacacc ggccagtgcc catcaggcat ccgtgcccaa aatgaccagc tagggtgget 1320
gtggggccag agecgtgece tetatcecaq catctacatg ceegeagtge tggagggeac 1380
agggaagtca cagatgtatg tgcaacaccqg tgtggccgag gecattecegtg tggetgtgge 1440
tgetggtgace ccecaatetge cggtgetgee ctatgtecag atettetatg acacgacaaa 1500
ccactttetg ccectggatg agetggagea cagectgggg gagagtgegg cccaggggge 1560
agcetggagtyg gtgetetggg tgagetggga aaatacaaga accaaggaat catgtcagge 1620
catcaaggag tatatggaca ctacactggg gecctteate ctgaacgtga ccagtgggge 1680
cettetetge agtcaagece tgtgeteeqq ceatggecge tgtgtecgee geaccageca 1740
ccccaaagee ctectectee ttaaccetge cagtttetee atecagetea cgectggtgg 1800
tggceccecty agectgeggg gtgecctete acttgaagat caggcacaga tggetgtgga 1860
gttcaaatgt cgatgetace ctggetggea ggeaccgtgg tgtgagegga agageatgtg 1920
gtgattggee acacactgag ttgcacatat tgagaaccta atgecactetg ggtetggeca 1980
gggcttcete aaatacatqe acagtcatac aagtcatggt cacagtaaag agtacactcea 2040
gccactgtca caggeatatt ccetgeacac acatgeatac ttacagactg gaatagtgge 2100
ataaggagtt agaaccacag cagacaccat tcattecetge tecatatgea tectacttgge 2160
aaggtcatag acaattccte cagagacact gagccagtet ttgaactgea gecaatcacaa 2220
aggctgacat tcactgagtg cctactcttt gecaatcecee gtgetaageg ttttatgtgg 2280
acttattcat tcectcacaat gaggetatga ggaaactgag tcactcacat tgagagtaag 2340
cacgttgcce aaggttgcac agcaagaaaa gggagaagtt gagattcaaa cccaggetgt 2400
ctagctcegg gggtacagec cttgecactee tactgagttt gtggtaacca geectgeacg 2460
acccctgaat ctgectgagag gcaccagtcce agcaaataaa gcagtcatga tttactt 2517
<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

caggttgtee tgcaccagte 20
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Jun. 14, 2007

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

atgtgcaact cagtgtgtgg c
<210> SEQ ID NO 7

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7

gtgccatgge aggccacc

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8

atcaccacat gctcttcege

<210> SEQ ID NO 9

<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence

<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)...(4)

21

18

20

<223> OTHER INFORMATICN: Xaa = Any Amino Acid

<220> FEATURE:

<223> OTHER INFORMATION: consensus segquence

<400> SEQUENCE: 9

Cys Ala Ala Xaa
1

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10
Phe Arg Gly Pro Leu Leu Val Pro

1 5

<210> SEQ ID NO 11

<211> LENGTH: 509

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Gly Val Leu Lys Phe Lys His
1 5

Ser Glu Gly Val Ser Gln Ile Val
20

Cys Leu Thr Leu Asn Phe Arg Ala
35 40

Phe Leu Trp Ala Trp Asn Ala Pro

Ile

Phe

25

Pro

Ser

Phe Phe Arg Ser Phe Val Lys
10 15

Thr Phe Leu Leu Ile Pro Cys
30

Pro Val Ile Pro Asn Val Ala
45

Glu Phe Cys Leu Gly Lys Phe
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-continued

50 55 60
Asp Glu Pro Leu Asp Met Ser Leu Phe Ser Phe Ile Gly Ser Pro Arg
Ile Asn Ala Thr Gly Gln Gly Val Thr Ile Phe Tyr Val Asp Arg Leu
85 90 95

Gly Tyr Tyr Pro Tyr Ile Asp Ser Ile Thr Gly Val Thr Val Asn Gly
100 105 110

Gly Ile Pro Gln Lys Ile Ser Leu Gln Asp His Leu Asp Lys Ala Lys
115 120 125

Lys Asp Ile Thr Phe Tyr Met Pro Val Asp Asn Leu Gly Met Ala Val
130 135 140

Ile Asp Trp Glu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys Pro
145 150 155 160

Lys Asp Val Tyr Lys Asn Arg Ser Ile Glu Leu Val Gln Gln Gln Asn
165 170 175

Val Gln Leu Ser Leu Thr Glu Ala Thr Glu Lys Ala Lys Gln Glu Phe
180 185 190

Glu Lys Ala Gly Lys Asp Phe Leu Val Glu Thr Ile Lys Leu Gly Lys
195 200 205

Leu Leu Arg Pro Asn His Leu Trp Gly Tyr Tyr Leu Phe Pro Asp Cys
210 215 220

Tyr Asn His His Tyr Lys Lys Pro Gly Tyr Asn Gly Ser Cys Phe Asn
225 230 235 240

Val Glu Ile Lys Arg Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser
245 250 255

Thr Ala Leu Tyr Pro Ser Ile Tyr Leu Asn Thr Gln Gln Ser Pro Val
260 265 270

Ala Ala Thr Leu Tyr Val Arg Asn Arg Val Arg Glu Ala Ile Arg Val
275 280 285

Ser Lys Ile Pro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Tyr Thr
290 295 300

Arg Ile Val Phe Thr Asp Gln Val Leu Lys Phe Leu Ser Gln Asp Glu
305 310 315 320

Leu Val Tyr Thr Phe Gly Glu Thr Val Ala Leu Gly Ala Ser Gly Ile
325 330 335

Val Ile Trp Gly Thr Leu Ser Ile Met Arg Ser Met Lys Ser Cys Leu
340 345 350

Leu Leu Asp Asn Tyr Met Glu Thr Ile Leu Asn Pro Tyr Ile Ile Asn
355 360 365

Val Thr Leu Ala Ala Lys Met Cys Ser Gln Val Leu Cys Gln Glu Gln
370 375 380

Gly Val Cys Ile Arg Lys Asn Trp Asn Ser Ser Asp Tyr Leu His Leu
385 390 395 400

Asn Pro Asp Asn Phe Ala Ile Gln Leu Glu Lys Gly Gly Lys Phe Thr
405 410 415

Val Arg Gly Lys Pro Thr Leu Glu Asp Leu Glu Gln Phe Ser Glu Lys
420 425 430

Phe Tyr Cys Ser Cys Tyr Ser Thr Leu Ser Cys Lys Glu Lys Ala Asp
435 440 445

Val Lys Asp Thr Asp Ala Val Asp Val Cys Ile Ala Asp Gly Val Cys
450 455 160
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Ile Asp Ala Phe Leu Lys Pro Pro Met Glu Thr Glu Glu Pro Gln Ile

465 470 475

480

Phe Tyr Asn Ala Ser Pro Ser Thr Leu Ser Ala Thr Met Phe Ile Val

485 490

Ser Ile Leu Phe Leu Ile Ile Ser Ser Val Ala Ser Leu
500 505

495

What is claimed is:

1.-33. (canceled)

34. A method of reducing tumor growth in a patient
having a type of cancer associated with a decreased level of
human plasma hyaluronidase (hpHAse) activity compared
to the level of human plasma hyaluronidase activity in a
non-cancerous cell, the method comprising administering to
the patient a substantially pure, enzymatically active,
hpHAse polypeptide in an amount effective to reduce tumor
growth, said administering resulting in reduction of tumor
growth.

35. The method of claim 34, wherein said hpHAse
polypeptide exhibits a specific activity of at least 2x10°
relative turbidity reducing units per mg protein.

36. The method of claim 34, wherein said hpHAse
polypeptide exhibits a specific activity of at least 6x10°
relative turbidity reducing units per mg protein.

37. The method of claim 34, wherein the hpHAse
polypeptide is at least 90% pure.

38. The method of claim 34, wherein the hpHAse
polypeptide is at least 99% pure.

39. The method of claim 34, wherein the hpHAse
polypeptide is naturally occurring hpHAse.

40. The method of claim 34, wherein the hpHAse
polypeptide is recombinant hpHAse.

41. The method of claim 34, wherein the hpHAse
polypeptide is formulated with a pharmaceutically accept-
able carrier.

42. The method of ¢laim 41, wherein the carrier is a
liposome.

43. The method of claim 41, wherein the hpHAse
polypeptide is present at a concentration of about 1.5x10°
turbidity reducing units per milliliter of formulation.

44. The method of claim 34, wherein said cancer is
metastatic.

45. The method of claim 44, wherein said administering
reduces tumor metastasis.

46. The method of claim 34, wherein said cancer is
selected from breast cancer, small lung cell carcinoma, brain
tumor, squamous lung cell carcinoma, and head and neck
carcinoma.

47. The method of claim 34, wherein said hpHAse
polypeptide is administered by subcutaneous injection,
intravenous injection, intramuscular injection, or peritu-
moral injection.

48. The method of claim 34, wherein said hpHAse
polypeptide is modified to increase the serum half-life of the
hpHAse polypeptide.

49. The method of claim 34, further comprising admin-
istering a cancer chemotherapeutic agent.

50. A method of reducing tumor growth in a patient
having a type of cancer associated with a decreased level of
human plasma hyaluronidase (hpHAse) activity compared
to the level of human plasma hyaluronidase activity in a
non-cancerous cell, the method comprising administering to
the patient a substantially pure, enzymatically active,
hpHAse polypeptide in an amount effective to reduce tumor
growth, said administering resulting in reduction of tumor
growth.

51. A method for identifying a patient having or suscep-
tible to a condition associated with a LuCa-1 defect, the
method comprising the steps of:

contacting a sample from the patient with an anti-human
plasma hyaluronidase (hpHAse) antibody, said contact-
ing being for a time sufficient for formation of anti-
hpHAse antibody-hpHAse complexes;

detecting the amount of hpHAse present in the sample;
and

comparing the amount of hpHAse detected in the sample
with an amount of hpHAse in a control sample con-
taining a known amount of hpHAse correlated with a
normal level of hpHAse;

wherein detection of an amount of hpHAse in the patient
sample that is less than the amount of hpHAse in the
control sample is indicative of a LuCa-1 defect in the
patient.
52. The method of claim 51, wherein the sample is
selected from tissue, blood, plasma, serum, and urine.
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