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1 DESCRIPTION RECOMBINANT LUBRICIN MOLECULES AND USES
THEREOF [1] The invention relates to novel recombinant lubricin
molecules and their uses as lubricants, anti-adhesive agents and/or
intra-articular supplements for, e.g., 5synovial joints, meniscus, tendon,
peritoneum, pericardium and pleura. BAGKGROUND OF THE

INVENTION [2] Optimal functionalité of Sénovial joints is dependent
upon extremely low coefficients o n articulating tissues.

Normally, a contiguous, well-lubricated surface is maintained on articular

cartilag R ECOMBINANRT B ROAIN MOLBE L PS ANDAISBSCEHEREOF
contributes to cartilage matrix degradation and fibrillation; these in turn
contrib{A@1d jdimt dyetunotiorelared paino%ducenhbdﬂmiﬁamibmcalsoﬂebdsle@ and their

joint dysf ctlon and |n other forms of rthritis, inclu dib rhe
i R A B o e

aywu@hmblttﬂemwlaptmhﬂmcpenamyum addawdmmreqlm]ﬂga
lubricated surface, normal tendon 15 function requires the prevention of
cellular adhesion to teRA& KRNI EeNYENAONN repair, for
example, the formation of tendon adhesions is the most common

complid83h. OptimphatampkiziPhroravin jeiatedstdsnrsRbIpea stremely low

SprHlaEng BELE NS IbRIREHAS A iR RLRIA P R (Prals N A)cisntBious, well-
name for MSFE that has been 20 accepted for the UCL/HGNC/HUGO

PR enETRESmiEn NaiaFa BRetapRsarsRIE prEtkiaei Lutmgvsieoarthritis (OA),
BW&Orréﬂﬁ&@mld§mlhb%tﬁﬂu1§s6ﬁ33§ﬂ@a§8%ﬁ%@@@é@@;ﬂ&g%ﬂ&'hbrlllatlon

patents and patent applications cited in this document are incorporated by

il ﬂ?&v@ﬁfﬁé@/yomgpj%fmae%e%@&lsy%%ff%dolﬁlmécwealso leads to
ganedssharyibh alvepamatesrad apRes arifaessatutana MRk dbepdedritis (RA).

protein to serve as a lubricant, e.g., between 25surfaces of articular
cartilag®03] Edr%thﬁﬁﬁ&@dé@a(t@gha%ﬁm,giyﬁﬂﬁ[@é&iﬂ kuals® also contributes to

synthes ed by the inti qviocytes that line tendon sheaths; it is

T SR gl B Ao EIREe T (M el factogpnal tendon
ahnczﬂiﬁzl)e@hlegtyeqpé@temdﬁ pfealinenthidpraisantirefidsacaiitilagiolsilexor tendon
regions of tendon, In a ma ner coifn Iement to |ts S&% ovial-fluid

X cATEh R g R Oy e SR, EBRSIER e Pt common

temasiiaiiyn.2 preventing ceIIuIar adhesion to tendon surfaces, as well as
by providing lubrication during normal tendon function. [6] Exon 6 of
the PR[BO4hIg8atake dutitibiiciptygenasencladels appnogakatglyyl6-¥@8mulating factor

SRS SREARTTAM TS5 SRS SRR hat has been
accepted for the UCL/HGNC/HUGO Human Gene Nomenclature database. PRG4 protein
(i.e., the MSF precursor protein) is described in US6433142 and US20020137894 (all
patents and patent applications cited in this document are incorporated by reference in
their entirety). Polypeptide encoded by exon 6 of the PRG4 gene is heavily glycosylated
and appears necessary for a PRG4-related protein to serve as a lubricant, e.g., between

surfaces of articular cartilage.

[005] Studies indicate that PRG4 glycoprotein is also synthesized by the intimal
synoviocytes that line tendon sheaths; it is highly likely that the glycoprotein also
originates from tenocytes (Rees et al., 2002). The glycoprotein is prominently present in
fibrocartilaginous regions of tendon. In a manner complementary to its synovial-fluid

function, the glycoprotein may play an important cytoprotective role for tendons by
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5 Varying the number of comparable repeat sequences in recombinant
lubricin proteins according to the present invention allows for development
of improved biotherapeutics for enhancing lubrication in joints and for
countering undesired adhesion between tissues. SUMMARY OF THE
INVENTION [7] The present invention relates to novel recombinant
lubricin molecules and 10their use as lubricants, anti-adhesive agents

BFYHIRE sciitlenpdhssiopiérendsn surfagan st oprinioudngridsisption during

RefAmas®ATdIRYSstigate the functional necessity of all approximately
76-78 KEPAPTT-similar sequences, lubricin expression constructs were

designegoghigtx enablst HREPROIN e QfaReP MR I BEEIN-RERRINS pproximately
with varyingbgde rees of O-linked oligosaccharide substitution. This is

ABcomnisinsh FE HCOIpratAL TAHSHEs A BerPerttny REP AR TTliligescquences.

SRASRCEasR INighbee S coRNABMN spGi camsized af exenablthiou@bricin proteins

5,5'- and 3'-flanking regions of exon 6, and exons 7 through 12. Iteratjve .

RESEFAUIR 6 b RTRSER! CBIGAT LIRS “ U s BRGSO T RED R ipfiggapeutics for

seRARNce futaciiiaiasithe g namptivn affeeam bitrBi-ddoriBs kst Afssues.

different sizes. The initial focus of these studies was on construct

PRG4-Lub:1 20 (contairStigMMARY "M THECIDNDNENTAeRNtte-1" (SEQ ID

NO: 1), which encodes four KEPAPTT sequences). [9] The

recomdif¥it |ibrdgireprotemsmichagatsseiot iovehticsosharenpdishaigm molecules and
ry ew al jsof i - rici 74,

ST e R et

iSoform §ien2chi he GAMAASIIARel FIRGA ARRERXANE INELENGRIRe functional

the isoform’s primary structure. For example, exons 1 through 12 of the

PRG4Igent dhepieotiaue)isdiorh Kifid rebrasals seruenidenkpricin expression
W Wé‘?eeéé’ﬂgﬁl:&h&ﬁﬂab nabd P &Y %%hé&seﬂﬁ‘?g&ﬂ?ﬁﬂéhﬁﬁﬁ?{éﬂa proteins

which lacks only a segment encoded by exon 5. Exons 1 through 3 and 6
iU ingeAeggestine QieTd b arsfierhiatde sbghiehes endyadel aggomplished by
?ﬁ@ﬁ'ﬁo‘f’aﬁﬂg RafFiAYn 8BS LSS, PP APPioHRD 14 80R_4EIMS Y3 core" cDNA

isoform, which lacks segments encoded by exons 2,4, 3 and 5. Other
RIS aRep bl Rbmdiugtedt Mubddt HrotsrshEamas s exon 6, and exons

degariped (pee 19a2002008682M)-of {IRiniPariuler (HERSSEHcoding multiple
invention provides recombinant lubricin proteln comprising repetltlve

KEBABTT-like styserrefaiipfetdhe desiBbamm iecomeiinnsdtbricsn constructs of
RIAYides igolated pretain cAMBUsING SH{AID MR Iwh3: 4 &n@héR- PRG4-Lub:1

The invention provides in related embodiments isolated protein comprising

SeaaningoaNA off "yethefig Nk eaptiseThidRbQ M dithdtsVih encodes four

RpPAIPRTQYidgs:igolated polynucleotide comprising nucleic acid
sequence encoding recombinant lubricin protein. In preferred

embodjyts;Tihe vehbipnRraden ipebatad RV IclRQbfei fA¥AAGEIRBare primary
nucleic acid 10 sequence encoding the protein. In further related

TSB! theiiahtibi IFatideis At poRaRIeSHBRFAViRg Qe US6743774,

IE8sbB80507 BEED, QLAY ODNB49290, Wikoas IDYmidenilY IoRIER:| LANOSoBrm differs
10, 14, 18 or 22 over the entire length of the sequence. [11] In related

%H&f@rﬁ?@ Sﬂ)?@%‘?‘ﬁ?%ﬁt%ﬁeafg@%é%ggcgﬂqgg%fé%fw&éﬂlmary structure. For
eQmnpsising &k Q IRt 26 iginedHROY pintisnpienaais) ROEIRQ, WhiN®@ represents

7, where N 15 equals an integer from 3 through 200. In further related )
é}ﬁgéﬂﬂﬁ%{b}%‘??&fﬁe@ﬁﬁ rRiié)r‘Fﬁo]nt‘ﬁfr%%ge‘zaé‘ﬁ éb‘?é?élélbié@ﬂ‘fo ethe V1 isoform,
Samprisiclg SEQ Dsdeab alusdSE Qyl XN 528ANbssRNIRiNGE 2) and 6 through 12

et Mo S TOB 0o ML SN R 1 eGP s gl exons 1
ventionhneligd ir? thisqrragrahisoform prafriablykh @gusaistasnatageby exons 2, 4,

from 5 through 50, and even more 20 preferably N equals an integer from
10 through 30.
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[12] Table 1. Identification of Sequences Having Sequence Identifiers
SEQ ID NO: Identification 1 nucleotide sequence of synthetic cDNA
cassette-1: 155 bases 2 translation of SEQ ID NO: 1: Si amino acids 3
nucleotide sequence of synthetic cDNA cassette-2: 125 bases 4
translation of SEQ ID NO: 3: 41 amino acids 5 pTmed2 vector containing

recombinant PRG4-Lub:1 cDNA construct: 8049 bases 4 SEQ ID NO: .
ifidsH isoforms likely exist, and some related mutant proteins have been described

(see US20020086824).

[010] In particular, the present invention provides recombinant lubricin protein
comprising repetitive KEPAPTT-like sequences. In preferred embodiments, the invention
provides isolated protein comprising SEQ ID NOS: 9, 13, 17, 21 or 25. The invention
provides in related embodiments isolated protein comprising SEQ ID NOS: 7, 11, 15, 19
or 23. In further related embodiments, the invention provides isolated polynucleotide
comprising nucleic acid sequence encoding recombinant lubricin protein. In preferred
embodiments, the invention provides isolated polynucleotide comprising nucleic acid
sequence encoding the protein. In further related embodiments, the invention provides
isolated polynucleotide having at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity
to SEQ ID NOS: 6, 10, 14, 18 or 22 over the entire length of the sequence.

[011] In related aspects, the present invention also provides an isolated protein
comprising SEQ ID NO: 26 joined to (N minus 2) repeat(s) of SEQ ID NO: 27, where N
equals an integer from 3 through 200. In further related embodiments, the present
invention provides an isolated protein comprising SEQ ID NO: 26 plus SEQ ID NO: 28
plus [(N minus 2) repeat(s) of SEQ ID NO: 27] plus SEQ ID NO: 29, where N equals an
integer from 3 through 200. In embodiments of the related aspects of the invention noted
in this paragraph, more preferably N equals an integer from 5 through 50, and even more

preferably N equals an integer from 10 through 30.

[012] Table 1. Identification of Sequences Having Sequence Identifiers

SEQ ID Identification
NO:

1 nucleotide sequence of synthetic cDNA cassette-1: 155 bases
2 translation of SEQ ID NO: 1: 51 amino acids

3 nucleotide sequence of synthetic cDNA cassette-2: 125 bases
4 translation of SEQ ID NO: 3: 41 amino acids

5 pTmed?2 vector containing recombinant PRG4-Lub:1 cDNA

construct: 8049 bases




6 recombinant PRG4-Lub:1 cDNA construct: 2946 bases 7 amino acid
sequence of entire PRG4-LUB:1 protein: 981 amino acids 8 Lub:1 DNA
insert from synthetic cDNA cassette-1: 157 bases 9 Si amino acids
encoded by Lub:1 DNA insert (4 KEPAP TT sequences between 5373 to
E425 in SEQ ID NO: 7) 10 recombinant PRG4-Lub:2 cDNA construct:
3024 bases 11 amino acid sequence of entire PRG4-1 UB:2 protein: 1007

amino aidy i3 Lulydeiiifeatipart from synthetic cDNA cassette-1 and one

synthetic QBNA cassette-2 sequence: 235 bases 13 77 amino acids
encoded-by Lub:2 DNA-insert (6 KEPAP TT sequences-between S373

AS ASAS =

and E451 ig SEQ |[:d@biibhl PREZOMIBNAGDRRGEnbutbicd cDNDbases

construct-3117 bases-15

HOoOT O L

7 amino acid sequence of entire PRG4-LUB:1 protein: 981 amino
acids

8 Lub:1 DNA insert from synthetic cDNA cassette-1: 157 bases

9 51 amino acids encoded by Lub:1 DNA insert (4 KEPAPTT

sequences between S373 to E425 in SEQ ID NO: 7)

10 recombinant PRG4-Lub:2 cDNA construct: 3024 bases

11 amino acid sequence of entire PRG4-LUB:2 protein: 1007
amino acids

12 Lub:2 DNA insert from synthetic cDNA cassette-1 and one
synthetic cDNA cassette-2 sequence: 235 bases

13 77 amino acids encoded by Lub:2 DNA insert (6 KEPAPTT
sequences between S373 and E451 in SEQ ID NO: 11)

14 recombinant PRG4-Lub:3 cDNA construct: 3117 bases

15 amino acid sequence of entire PRG4-LUB:3 protein: 1038
amino acids

16 Lub:3 DNA insert from synthetic cDNA cassette-1 and two
synthetic cDNA cassette-2 sequences: 328 bases

17 108 amino acids encoded by Lub:3 DNA insert (9 KEPAPTT
sequences between S373 and E482 in SEQ ID NO: 15)

18 recombinant PRG4-Lub:4 cDNA construct: 3210 bases

19 amino acid sequence of entire PRG4-LUB:4 protein: 1069

amino acids

20 Lub:4 DNA insert from cDNA cassette-1 and three synthetic
cDNA cassette-2 sequences: 421 bases

21 139 amino acids encoded by Lub:4 DNA insert (12 KEPAPTT
sequences between S373 and E513 in SEQ ID NO: 19)

22 recombinant PRG4-Lub:5 cDNA construct: 3303 bases
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amino acid sequence of entire PRG4-LUB:3 protein: 1038 amino acids 16
Lub:3 DNA insert from synthetic cDNA cassette-1 and two synthetic cDNA
cassette-2 sequences: 328 bases 17 108 amino acids encoded by Lub:3
DNA insert (9 KEPAPT T sequences between S373 and E482 in SEQ ID
NO: 15) 18 recombinant PRG4-Lub:4 cDNA construct: 3210 bases 19
amino_acid sequenpce of entire PRG4-1 UB:4 protein: 1069 amino acids 20
Lub/ DéyApinpert frpjantifiddrieassette-1 and three synthetic cDNA
cassette-R@equernces: 421 bases 21 139 amino acids encoded by Lub:4
DNA-insert (12 KEPAPTT sequences-between S373-and E513in-SEQ-ID
NO:|{19) 223ecombingnb REG&dquinée ¢ID BiA ROPRGUCL B8 G3pbasas 15 00
SEQ ID NO: amino acids

24 Lub:5 DNA insert from cDNA cassette-1 and four synthetic
cDNA cassette-2 sequences: 514 bases

25 170 amino acids encoded by Lub:5 DNA insert (15 KEPAPTT
sequences between S373 and E544 in SEQ ID NO: 23)

26 amino acid sequence "APTTPKEPAPTTTKSAPTTPKEPAPTTT
KEPAPTTPKEPAPTTTK" (45 amino acids) in preferred PRG4-
LUB:N protein

27 amino acid sequence "KEPAPTTTKEPAPTTTKSAPTTP
KEPAPTTP" (31 amino acids) repeated N-1 times in preferred
PRG4-LUB:N protein

28 amino acid sequence "EPAPTTTKSAPTTPKEPAPTTP" (22 amino
acids) joining SEQ ID NO: 26 to (N-2) repeats of SEQ ID NO:
27 in preferred PRG4-LUB:N protein where N > 3.

29 amino acid sequence "KEPKPAPTTP" (10 amino acids) in
preferred PRG4-LUB:N protein where N > 2.

[013] The invention also provides in related embodiments a composition
comprising a therapeutically effective amount of a recombinant lubricin protein in a
pharmaceutically acceptable carrier. In some embodiments, the composition additionally

comprises hyaluronan or hylan.

[014] The invention further provides a method of treating a subject comprising:
obtaining a recombinant lubricin protein composition; and administering said composition
to a tissue of the subject. In related embodiments of this method of the invention, the
tissue is selected from the group consisting of cartilage, synovium, meniscus, tendon,
peritoneum, pericardium, and pleura. In further related embodiments of this method of the
invention, the method additionally comprises a step selected from the group consisting of:
providing an anesthetic to the subject; providing an anti-inflammatory drug to the subject;
providing an antibiotic to the subject; aspirating fluid from the subject; washing tissue of
the subject; and imaging tissue of the subject. In other related embodiments, the subject is

selected from the group consisting of a mouse, a rat, a cat, a dog, a horse, and a human.
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Identification 23 amino acid sequence of entire PRG4-LUB:5 protein: 1100

amino acids 24 Lub:5 DNA insert from cDNA cassette-1 and four synthetic

cDNA cassette-2 sequences: 514 bases 25 170 amino acids encoded by

Lub:5 DNA insert (15 KEPAPTT sequences between S373 and E544 in

SEQ ID NO: 23) 26 amino acid sequence
"APTTPEEPAPTTTKSAPTTPEEPAPTTT KEPAPTTPKEPAPTTTK" (45

amino H1a3d) il prédwreairhicenisu BN IBrSHIAD 2smRie VAt d8qgiaiession vector

ERART HE ERRRIEHN SARRIRIKE PARTTRIL3IaNAR@RIdSlotein wherein the
repeated N-1 times in preferred PRG4-LUB:N protein 28 amino acid
sehiesteotige AP TOPFREINPTHRASE PAPT TR PIOP 9IS HEM s§5aHsHE SEdN related

DA rREntS, @eah T8 RESHSPHSEL AL P b1ipRRIEHE deBERsemnkM Bildricin protein
protein where N? 3. 29 amino acid sequence "KEPKPAP TTP" (10 amino

SRTHRY S HEBEPIRES AR BRSO WiSeraPResston vecten i) Hiid culture media;

INERYRELBISO RESVIBARMIT TehER roRQHIRENLSR GRIROSIHRN CAMBRIEINSotein step
a therapeutically effective amount of a recombinant lubricin protein in a

PR ABe GO PR pPABREUERHBE. RS ORF EdddifHsiagHle media through a
aunpesiion-anlsitianathe CRMPRISEDRYEIHIORAN MM BEREA] e solubilizing the
invention further provides a method of treating a subject comprisin

sptarifsPLotettbin BiRgHETED Rt hsphation %ﬁﬁ&gﬁiéﬁ%réﬁa%mﬂmﬁgi%@e ranging in

sait &arapesitiomto. adissyevpf the subject. In related embodiments of this
method of the invention, the tissue is selected from the group consisting of

cartilag@1synariuAvtheenisets) ensalinRatitone i ecpestaitiidesandlated antibody

pleura. In further r%lated e@bodiments of this method of the
specitic for a recombinant lubricin protein.

[017] Other features and advantages of the invention will be apparent from the

following description of preferred embodiments thereof, and from the claims.
DETAILED DESCRIPTION OF THE INVENTION

[018] The base DNA construct utilized in generating recombinant lubricin
proteins may include variable arrangements of sequences 5' and 3' of exon 6 of the PRG4
gene. For example, the base DNA construct may include variable arrangements of
sequences encoding somatomedin B-like domains (exons 2 through 4) or hemopexin-like

domains (exons 7 through 9).

[019] Embodiments of the base DNA construct having various exon
arrangements 3' of exon 6 may include base DNA constructs that include only exon 7, 8,
9, 10, 11, or 12 individually, or exon pairs (7 and 8), (7 and 9), (7 and 10), (7 and 11), (7
and 12), (8 and 9), (8 and 10), (8 and 11), (8 and 12), (9 and 10), (9 and 11), (9 and 12),
(10 and 11), (10 and 12), or (11 and 12), or exon triplets (7, 8 and 9), (7, 8 and 10), (7, 8,
and 11), (7, 8, and 12), (7,9 and 10), (7,9 and 11), (7,9 and 12), (7, 10 and 11), (7, 10 and
12), (7, 11 and 12), (8, 9 and 10), (8, 9 and 11), (8, 9 and 12), (8, 10 and 11), (8, 10 and
12), (8, 11 and 12), (9, 10 and 11), (9, 10 and 12), (9, 11 and 12), or (10, 11 and 12), or
exon quadruplets (7, 8,9 and 10), (7, 8,9 and 11), (7, 8,9 and 12), (7, 8, 10 and 11), (7, 8,
10 and 12), (7, 8, 11 and 12), (7,9, 10 and 11), (7, 9, 10 and 12), (7, 9, 11 and 12), (7, 10,
11 and 12), (8,9, 10 and 11), (8,9, 10 and 12), (8, 9, 11 and 12), (8, 10, 11 and 12), or (9,
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10 invention, the method additionally comprises a step selected from the
group consisting of: providing an anesthetic to the subject; providing an
anti-inflammatory drug to the subject; providing an antibiotic to the subject;
aspirating fluid from the subject; washing tissue of the subject; and
imaging tissue of the subject. In other reldted embodiments, the subject is
selected from the group consisting of a mouse, a rat, a cat, a dog, a

hBrdd, Ak lam@m@ien uintgs]/ipothd Oetib ddiridhnt, ?héQrﬁMai%h Elisd 9, 11 and
RQVigdeRaNEXRrESSIPN ECIOr GPMPHRING3 Behduclegtide gacoding @xon sextet (7,
recombinant lubricin protein wherein the polynucleotide is operably linked

o %ﬂlgxﬂ)ie%@d@):ontrol sequence. In related embodiments, the invention
provides a method of producing recombinant lubricin protein 5 . _
compridf! o/Bvitey s SmhadsR et Aithehase A3 RLasTORMcohaNiNguarious exon
g medias’ ATdcollechng ieeRd iDL donRiRiaN ianmthedastif.exon 1, 2,
The coIIecting,%;otein step may further com(prise: concentrating the protein

By Til S e el S FGPE e AL, (L ifscthd Rad dailtetPBroteih and 3). (2
fremithexnaeadyaneaindng) sgubldiznethe ealientad pxotetripres buffered 3), (1, 2 and

salt solution contain% L-ar%lnine h%(jirochloride rané;ing in

1oddncetation . Pid 2.0 M9 >) flet APdndiiér Feiatel (2 3 and 3), (2, 4 and
smbpdimenidthy satiaupdavides isotatednantibotyrspeeificfor1a2, 4 and 5), (1, 3,
recomhinant lubricin protein. 17] Other features and advantages of
T g LoD RSN No i HELAbtian of preforred

embodi ts ereofé argd from.the claims. 15DETAILEItD.DESCR P(ir OI\{) DNA
OF TH ENTISR™ (R8T 655 DRACSRSH R TR e e Py Pase
gemeratingi recombitiantaulotch pf etein myénchickecvaecdbldypeptide is deleted and
20 a0 ﬁé“afﬁ‘és é’ﬁc%%ga SRt r9n§s°£t%"8§ &%Ahg?fs@%‘s‘ A8 40 dded.
example, the’base construct may inciude variable arrangements o

seque ding somatomedin B-like domains (exons 2 through.4) or
ok a 5o Ml T S RIS oA that are
thenvdserDINA dengteadihemibgdvarioyelordhargeraentbBiof exdend 80%, 85%,

TP SRS RA O U S (D Dyt
(mantae)fuighandigylu@anm o) o8atindsl T vid @rmidizlc (canhdsa@)eige capable of
1.1). , . , 1 .
e T e
DOy A(3@eenbas1 indeohagh steingehcyOcanditians.(7The awdntidy @sd inghides proteins

, d 11), (8, d
15 I S b A AR RS A a1, o (1,

11 andgb%’]Orh?)ﬁﬁaeg"{éd({ylﬁ’lll%Qeqm&@ &Q&h Oérr{gocﬁrgeﬂﬁdc;flt)ne( rgsgnt invention,
and 12), (7, 8, 10 and 11), (7, 8, 3010 and 12), (7, 8, 11 and 12), (7, 9, 10

gredfallowipgglefimisingsiay, grovadadt and 12), (7, 10, 11 and 12), (8, 9, 10
and 11), (8, 9, 10 and 12)L,ng$, 9,11 and 12), (8, 10, 11 and 12), or (9, 7
10, 11 Hdh oPesinitignsy Mheerhens®, tepedtivi KEPAP H -bkq peggncs), means an

afniBoShcld aRfhdrh bhvdhgl Qs Ihanshd2)ogs, 9944, bband i), sd8.99% or higher
10, 11 and 12), or exon sextet (7, 8, 9, 10, 11 and 12). [020] In addition,

EaNEdiantd) ofatiee Bets e N ARSI KRG ValffoR AP aXa EPAPTTPKEPAPTTTK"
(SEQ ID NO: 26; 45 amino acids) and having at least one O-linked substitution; (b)

sequence "KEPAPTTTKEPAPTTTKSAPTTPKEPAPTTP" (SEQ ID NO: 27; 31 amino acids)
and having at least one  O-linked substitution; or (c) sequence

"EPAPTTTKSAPTTPKEPAPTTP" (SEQ ID NO: 28; 22 amino acids) and having at least one
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5 arrangements 5' of exon 6 may include base DNA constructs that

include only exon 1, 2, 3, 4, or 5 individually, or exon pairs (1 and 2), (1

and 3), (1 and 4), (1 and 5), (2 and 3), (2 and 4), (2 and 5), (3 and 4), (3

and 5), or (4 and 5), or exon triplets (1, 2 and 3), (1,2and  4), (1, 2 and

5), (1, 3and 4), (1, 3and 5), (1, 4 and 5)8(2, 3 and 4), (2, 3and 5), (2, 4

and 5), or (3,4 and 5), or exon quadruplets (1, 2, 3 and 4), (1, 2, 3 and

6} linkes sugyion, 361@&%@%%5? Bl sassyusnesxBRyirisEsly have two,

thrded 30 )more [H3HKERRUHEREAbIRVENtiON also encompasses proteins
encoded by base DNA constructs, i.e., wherein part or all of exon 6

sequerngegnoptied pRliypeptide indsiRicdrangiReiainaasids engRdehbdveen two
inserts from synthetic cDNA cassettes have been added. [022] The

BPAIRI N tiBh RSP R R8s So U lTEBdYS AL als 8!l known to skilled
hamaloaausia thagneafieempedimentspuilined bRginpR@fidlavigdl. Sequence
least 80%, 85%, 90%, 95%, 97%, 98% or 99% seaguence identity to the

SriiRedBRIR AR AS e RGN HlinBHAedes HOlRiNSdotdagl available

fraviingh nodeEse agidpseauaneetsapabiehofdvwbrigizingevertheranghofad Madden
functional domain to.the complement of the specified DNA sequences ) '
l(ﬂn‘%usé’r))niEPF§t‘i‘i191"6;0eFﬂi':391 COMUERS. HhBARVRTIRO S GReE prbtdiieisyd size = 2;
einepdasthyihestchpmalegets artb i gl ey THRIQOIIHRS parani@@3§ e used for

order.to dejineate more clearly embodiments of resent inventjon, the
R LR R G TRt seg5 A o o

he
r%fil[lll&) valpgs, for amino acid sequence
oeppiitivenK AR AT Hike BEQWENUS2 MerAsap amineaecidisaquened penalties; and

1 0, 0, 0, 0, 0, 0, 0 I
haVIr!g atle )Ls %(élﬁé)ﬁg aél/ft' 3&%1{%’8 grA)n’u% el/c(:)’a?:i3 %égl?e{?cgrcgl Baerriszo?ls are: reward for
SARTIER K EP ABRETT K SAR T RIGERAP TT THERABTHR KERAR T (SEQ sap = S:
ID NO: 26, 45 amino acids) and havipg at Jeasf one 0-linked substitution;
ISl o R PR T AP O oK EPART T (G20 I
NO: 27; ino aci n vingatleastone0-link bstitution; ..
O R e B AR B R KOs, by substitution

aminthabidisicamohdignspatieade dnd - 8) slihked Sab stitutidnothaepeiitives, including
KERAPTT-like seguence may prefergbly have two,.three, four or more
6_\_%}5 lea S%rbsl%ﬁﬁltrgﬂg—occuwﬁlg] WF?I) 31% rate _moicties rﬁ%ﬂcg as lfﬁlc‘)aé% osulfate or

ution ere exist a number of me
nheadweiidentiytdetwimendwe polpndoieatidetr gollipkaptidalisequencesay be with

the.term "identity‘! is well known.Eo s}dlled arti§ ns and has a definite.
moictes tha& Ccon I‘lbllt? O a Caj ac1g/ (0] I'FC%IH ll%ﬁl’l guérlcm {0 ac Cils at.%amer Of surface
meaning with respect to a given specitied method. Sequence identity

deseribgigrdipid rdeaBliedusintpthenBLASTY SBQYENEREStoglycosylation or
avgilatb[e through NCB(!l %Itto: / dnubi.film nilLgoviblast/ see also

‘?l%atlsjécl)lvlaorzla}lsoibI ﬁ(ggggﬁ ( 99 S\é\{]\é\g\; %‘(mVYﬁbgaéid sequences, the

parame s U%%gt?r‘ﬁtﬁﬁgg&f 1009000d Sipe fsditely= Rl AAEORE DNADNA
parameters set {0 default values. These same parameters are used for
hybridization, comprise conditions equivalent to binding or hybridization at 42°C in a
solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO4-H,O and 1.85 g/l EDTA,
pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 pg/ml
denatured salmon sperm DNA followed by washing in a solution comprising 0.1X SSPE,

1.0% SDS at 42°C when a probe of about 500 nucleotides in length is employed.

[028] Polypeptides or other compounds described herein are said to be "isolated"
when they are within preparations that are at least 50% by weight (dry weight) the
compound of interest. Polypeptides or other compounds described herein are said to be

"substantially pure" when they are within preparations that are at least 80% by weight (dry
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10 nucleic acid sequences, except word size = 8. Default values for amino
acid sequence comparisons are: Matrix = BLOSUMG62; open gap = 11;
extension gap = 1 penalties; and gap x dropoff = 50. Default values for
nucleic acid sequence comparisons are: reward for a match = 1; penalty
for a mismatch = -2; strand option = both%trands; open gap = 5; extension
gap = 2 penalties; and tgap x dropoff = 50. 15[026] An O-linked substitution

SfcieBbrHlsirfaRPeBALi ARG TBY - o sipsiiition kit RiBPRYRHgdescribed herein are

QhigoeReehaide Behtodl Coh&aiNgcarr withiRthRp MRS Shinchdingicast 95%, and
artificial or naturally-occurring carbohydrate moieties (such as keratan

Biffstatdy ARGndrvittisishiradey. Weishdsrpmantedel tRsgsindayity is measured by
sthRUHLtOR INRYpEWIh nYielies HHeRlRHIE IRERAGBLRfassie blue staining,

recombinant lubricin to act as a carrier of surface 20 active phospholipid

(elpr9do PR PRGNS RIS e PPNt R ot fbA e stidhtUbRIngsmeasured

datarsniopdday waigldhisnyweight). [27] High stringency conditions,

when used in reference to DNA:DNA hybridization, comprise conditions

equival@9io bindin@eirkybrigigationak4d€ ifepolalion €obsitliMmahsX including

SSPE (43.8 g/1 NaC1, 6.9 g/1 NaH2PO4-1120 and.1.85 g/1 EDTA, 25 pH

5oL o MATHEAMGION ) CONEYIEHE *§>&‘b‘é‘hﬁ8‘%ﬁ’c‘§¥é’g§%ﬁﬁ%ﬁaﬂ‘ﬁé le standard

Relmitdsnatnes. soaoms g RiNA faliawed. by washing in a solution

comprising 0.1X SSPE, 1.0% SDS at 42C when a probe of about 500

nucleofio@®] inAsngthl iseeenpldyetrm "th28]feotypdipticiés-ovothesunt” means the total

compounds dﬁtscgibed herein are %é%tolbe "itso ated" Whtenlthe}é??re.t. thod

WA preparations that dre &t ledst 508% by Welight TRy Weignt) tHe s Hon of metho

Bocampdtingof intdrest a Radypeptidesade ot benchmpaundstoescrifbading, prevention

herein are ;Eaaid t? Qﬁe "swbstaptiaﬂy. E)l.il‘e" when they are within . te of tment

BrePAratonS thal ars dt 1654 8056 155 weltnt by °b Weidhtythe Cofpodndreatment:

btahtere ptePalyipe ptidemeli@themcofnpehndsndasari & ler eippiirel saichtioindividual

be "homogenequs" when they are within preparations that are at least

S TR s 15 R o R R wone. when

apipliedtiPariynidbimeasuréd iyrredifeingpobyabiytdnaidewged of the active ingredients
lectrophoresis and enhanced.coomassie blue staining, 5 followed .

B R R R DT e R B, seraty o

thnoulginaptical densitometry).  [029] "Pyrogen-free" means free of fever

causing contaminants, including endotoxin. Measurement of contaminants

is to bel pEHorkmbodynhetapglichblerstent dnd testmnserdyy tiee wWed. Foadtra-articular

RAHShAATHRISAHORN 1 AR Aiise RAERID S ISR theraReUiGal: 1ubricin

effective amount” means the total amount of each active component of the

haleveaenpipsaetisedutical cismmpodicionor miathotkanenls sificisnprdesitraagon” with
SOMOAUPATRILRCNERD Lo HEAKPSAURGAING RIRVEONER Ruch as SYNVISCE

melioration of the relevant medical condition, or an'incréase in rate of
tleatonesousellilid, Pidoerftidn Y ardishiobatishtof UXIEEBRIiFbanaspiEivals) is used
eppiies jo B dadivigual - Astiyednaredient, agministered ARARIRIE s shown
refers to that ingredient alone. When applied to a combination, the term
regatEqant ohsipettiomounes pftheudastydingpdaiaiss wetghieBearimettpain in patients
W@B@ Htiglgﬁfggg)yvhether administered in combination, serially or
simultaneously. [31] Embodiments of the present invention may be

used agymie-ArgicHler 28y DS, IS ATHAUIR SURRIEMATiRules obtained

with compounds not derived from lubricin has been practiced as a joint
{HMFPOREF SHarhifkenyicRBBEppl¥MePERRIAMFRHAL ISy Wighicthyanugnan?0 can be

Srtiath '%@f&é@iﬁ%i@ﬁwﬁgi‘e\n@vﬁfﬁ%(' & @smvibbtabdfdmentation with 1
el%%toviscrcs)}us fluid "Hylan G-F 20"--dis%ri uﬁid by WYIETH(r) penation with Towet

pIdrtEeutieil idlise dNmRiCalst todlreal YR assdBiafdikinge pislicvings pain by
VisEOSHINGMRERIAIIO N MRHSIANO-F 20 may be particularly preferable to administration
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25 significant therapeutic value, particularly in reducing weight-bearing
pain in patients (Wobig et al., 1998). [32] Hylan G-F 20 is generated
by cross-linking several HA molecules obtained from rooster or chicken
combs. Viscosupplementation with Hylan G-F 20 can be significantly more
efficacious for alleviating pain than viscostpplementation with lower

SOmoIecuIar welght HA (Wobig et al., 1999).In addition, relieving pain by
DbuhpieiofeetfoRAHRIHYRM - RGO DAMSIEE prerafians tith a high

ﬁ@ﬁwgqﬁmte%ﬁm N&ﬁé@&fﬁ@%ﬂﬁ@ﬁ&% WP ERN0t00M i ough Hylan G-F

NSAIDs (e.qg., in patients with a high risk of gastrointestinal complications;

%@ﬁ’éﬁ%{?@{}&%%@%ﬂ% lg(j?ogferﬁlghdwﬂ{ e thgrapy that provides a short-term
VISCOSHIRPIEIH SRR podattmend weldleratedith @W&Hﬁt Ql’ﬁ’l‘éqgr%ﬁ)vmg joint

short-term (i.e., until 3-6 months posttreatment) decrease in pain

ERRHESM SRR HRF oY Pk BSOHIGR I tRERbyBRag ol need for knee

signibearily P tphibacrapiipkbeah i psire Jepigcement in OA
patients (Espallargues and Pons, 2003). EXAMPLE 1: CLONING OF

RECOMBlNENZ(MIPBBlﬁ|NLONﬁ3G®F£HEGI@MB$NNNTMMRD€mN

the ba u tfo the generation. of reco antl

moloa L AT or (ORI CSUBRURFES. T B N BEgpruct for the
keskriation $1fe1656‘cfﬁﬁﬁa) Oftoicia JNOuIeS(iie. doage el .of thkowgbt codon (ATG)
1123) and the BspEl restriction site (T"ccGGA throu h the stop codon

}K%ggf%%éffg 65%1 jign E}é%é@ﬁgg_fﬁég)ﬁ 6) 0 fifaghase nos. 1 through

3EAYEREEThé: @sﬂlﬂ%ﬂﬁ@tlént@[@{qh éé@@A@ﬂHr&@tﬁ&@uﬁhca%ﬁ ofs2F Q¥ SEQ ID
ID NO: 6, encode amino acids M1 t ﬁrour%jﬁ S373 (encoded by exons 1

MR H 8-SR odaRTatRIgUER2 A4 NKi ssecmlﬁgcaﬁ%nbéfeaﬂﬁ%ﬂgough 1123
ahdthoweah Bl A 4deneodeh np anpraisnalaly Ak dacking/d ¢RE@NsSH73 (encoded

exon 6 and exons 7 through 14) of native full-length lubricin (i.

PR HIHioh BFEh B UL ARPISHTHE hddd ﬂmﬁ%&&&ﬁ%&&mﬁ%&m E848

BiNA geauenre-a06aeing amproxaciasiA394 iauah PabdafsnativeolBGdd exons 7
g{f 4 amino acids absent out of approxmatelg 940 amino acids encoded

W 16y, S Hhathiss it ey e g GEHcH G REPAPRHERRR 6 absent from

aﬁsws@rlmsx conkedlcD biAsesHiRRCER 0DBYAthetjGalN AncagasitaifdERids A374
is_added BsslllI/BspEl to the base construct to make the

iR PR B b EoRA O (SE IO ) e (G0 840 amino

icBneposes af ihexbails)l DN insadit (@ d RANOsGuatien erieRdasKIFP APTT-like
51 amino acids of SEQ ID NO: 9 with its four KEPAPTT sequences) 25
BEMEER DNA encoding amino acids M1 through S373 and DNA encoding

E848 t 04 of natlv RG4.Ino words |n

hroug A St s S S D AR B iy s added
BE&HAHIB&}BEILtmﬂiad’beSeErbmm taaiaksk thihe faren i qpe PR A EFAPIINA construct

AN ] y three imperfec uenc
T b RIS SRR o Sl RN By E 1D No: 8:
relsicicttooosite (O TRABGadcids, QTCSHQ\AKBG (hdbe b $ts12b KEBIAQ?T T sequences)
231 of IDN ). When g)ﬁt sett adde tﬁ

et N SR e M et P A TS s through
E‘&é@étt&‘ ﬁaﬁ@atﬁR@hnhtthenwmdﬂ lep:Baﬁjereﬁm&ﬁémhsﬁegﬁ BETTMAGBno acids)

G base no: RZIE I(\]i 3)
8?onsequenty ahlglﬁeé construc ca gerﬁg de e)? g(lj(?m o acids that form
symthetidad NKER2SBétie- Qe@smﬁﬁé/B&pIE/ appiwmembustlﬁmdmpdnfbtt KEPAPTT
construct at this internal Bsu361 restriction site provided by synthetic
N €S.
SBNA Cassette-2.

[035] DNA sequence of synthetic cDNA cassette-2 (SEQ ID NO: 3) is added
Bsu361/BspEl to the PRG4-Lub:1 construct to make the PRG4-Lub:2 cDNA construct
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[36] The cDNA cassettes are synthesized as single stranded
oligonucleotides 10 and hybridized together to produce a double stranded
DNA fragment with sticky ends. This is why the terminal BssHII, Bsu36l,
and BspEl sites appear incomplete. In synthetic cDNA cassette-1 (SEQ ID
NO: 1), a sequence bounded by remnant flanking BssHIl (G*cGcGc) and
é)EI T" ¢ cGGA) restriction sites includes an internal Bsu36I restriction

'NQAGD, i. dhecEREAAGE): HANYAsdn<itbas apBeuRdeimiagstriction site

P&loWiince, ie., ccrTAAGG; base nos. 1225 throu ugh 1231 of SEQ ID NO: 6). When
I5CGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTC
N@@?’@@W‘I’A@@@@tﬁ added to the PRG4-Lub:1 ¢cDNA construct, this Bsu36I site

(LA BHGGIERAC CAtlRC TAMBAGHRE Gl EBGEBAL R ction site
TAAGG GCCAGCTCCT AC TACAAC GAAACC GGCACCAAC CAC

TCC WSS, i.0§37 SRAAE Rise 2oswARHI9Eeh SR 0I5 O: (B NEpnsequently, a
ipRlyelg S feN KERAR L segiienges ﬁ%ﬁrﬁgeﬁf&ﬁh@ a&%%&ig hiigted cassette-2
below): 201AP T T PKEP AP T TTK S AP Tl

é@é@éwl\t@/m@m@m}m@%m%ﬂ@m@@m@mbﬁm&@r@wiﬂim site

Bg@ ACGCGNALKERAPRT T TKEP AP T TPKEP A
GAG AGCGCCGACGACTACTAAAGAACCGGCACCCACCACGC

CTAAGH3E R CON R AREsT I RyWthdsikBd as single stranded oligonucleotides
CCTACTACAACGAAACCGGCACCAACCACTCCGG [38] Synthetic

hybHdiadetosediety onRguey gidubly nEandsdidht BRestyirihasticky ends.
351»&3@\[%%%1%'@&1%[@1('&%}@?: BNAGGrRVBIengaskanippsathfcbMlete. In synthetic

ue ce), a 3'-terminal remnant BspEl restriction site (T" ¢ cGGA), an

AP Be PR RNV sith- (ééﬂqmweé?%ﬁeémﬁgw%g%ﬂ@ng BssHII

%@0@@@@@# Bedops, EARAG AAG GAGGG6n GTFAGEN@CACARMIGARSST restriction
CTG CAC CCACAAC CAC GAAGAGCG CAC C CA
@I&AM@Q@@@&G@@@@G@@WWM@W@@MACC

?GCACCAACCACTCCGA%Z’LAZ% 8 %:égéﬁ?e%é D NO 4 which is %%Ectﬂ CTACGCCCA
rans
e oA S (DA P REP AT 1 R A FTE 7o

TAAAGAACCAGCCCCTACTAC_GACAAAGGAGCCTGCACCCACAACCA
CG AAM@EQC;@CN? 2, which is a translation of SEQ ID NO: 1, includes four

KEPAPTT sequences that are perfect matches (highlighted below):

1A P T T P K E P A P T T T K S A P T T P
CGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTCAGCTCCTACTACGCCC

22X E P A P T T T K E P A P T T P K E P A
AAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCACGCCTAAGGAGCCAGCT

41 P T T T K P A P T T P
CCTACTACAACGAAACCGGCACCAACCACTCCGG

[038] Synthetic cDNA cassette-2 (SEQ ID NO: 3) similarly has a remnant 5'-
terminal Bsu36I restriction site (i.e., CC*TNAGG, evidenced only by the TAA sequence), a
3'-terminal remnant BspEl restriction site (T~CCGGA), and an internal Bsu36I restriction

site (CC*TNAGG); the restriction sites are underlined below:

TAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCA
CAACACCAAAGGAGCCGGCCCCTACGACTCCTAAGGAACCCAAACCGGCACCAACCACTCCG
G
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211 TPKEP AP T TPKEPKP AP TT
ACAACACCAAAGGAGCCGGCCCCTACGACTCCTAAGGAACCCAAAC
CGGCACCAACCACT 1041 P CCGG [40] The recombinant
PRG4-Lub:1 cDNA construct (SEQ ID NO: 6) in pTmed2 vector (construct
plus vector equals SEQ ID NO: 5) is flanked by Sall (GA"TCGAC; base

nos. 1027 through 1032 of SEQ ID NO: 5) and Not! (GC*"GGCCGC; base

nos. 3984%5 HiELEh 3901 dflséQS|@tr\t®ﬂ§t}%§e?r% ShIBINO: Franges three
FHS RGO PQY gﬁ@ﬁcésrﬁ%'ﬁt% Kozakfianslet IHQHH jatignggayence (cccAcc;

base nos. 1032 through 1037 of SEQ ID NO: 5) before the translation start

codon ATk (basemoa. 1838rthrough 104& of ISEQ 1P NO: b). Between the p
BssHII (G!_@G@GCAC@@%WAZES@M@@WQ%@@@%@@AN@A@@WACCC
BspEl ( "CCGGA base nos, 2306 througlh 2311 of SEQ ID NO: 5
restr'ctlonA%t%%t% %@&%&W@%@@é@@%é@&@é@&%@@a
i.e., CC"TAAGG; base nos. 2262 through 2268 of SEQ ID NO: 5). [41]

The PR@G4#.ub:1 cDNA construct (SEQ ID NO: 6) is translated into the
PRG4-LUB:E%rotein (SEQ ID NO: 7). The insert between S373 and E425

(i.e., E848 of native PRG4) of the entire PRG4-LUB:1 protein (SEQ ID

NO: 7) jo4e Thamiremsidsme! BREEQIINEQAThess @A t8RsIAEY NO: 6) in
from the Lub:1 DNA insert (SEQ ID NO: 8) and include four perfect
REPBTPerronsiucHlthaeriensaalH RPN Vits farksd biatsd! (6~ 1ceAc;

Base s 1423 31threug kb2 H Rl IR OIS 6XANE e BsrEl JesHIiR nos. 3984
site (T"CCGGA, base nos. 1269 through 1274 of SEQ ID NO:6) is found

theonaRrAA BeASEIQIBRIAY Xt (eetneipacies. elhecSTA AsansRigeTiss, a modified

keZakhranahid23high REQIRNG: B)-3Q1043)As i heyecamhi AQHrtto37 of SEQ ID
PRG4-Lub:1 construct in pTmed2 véctor, the recombinant PRG

SN A)cbrionic) i SR Y NCLAD Fid T Ak 2bpse tapss Hiidkeuangisdp40 of SEQ ID
R TeCAGH AN '?h%t'la(s?ﬁﬁc@“c%%‘é)cr%%%cﬂ8§‘ 5i{8s; tﬂ}&e% #lhs¥8 of SEQ ID NO: 5)

incorporates a modified Kozak transiation initiation sequence (cccAcc)
befoBerthe (tféﬁ@l@%nbamnosdb’tﬂﬁﬂ@(@sé%cbsﬁlsﬂﬁfb@H@oﬁfBEﬂ@m@ion sites is

Q |Iar btnant R tg? 13 D X
Elgtgé % eﬂl t 31 réregc% m mn It_f& éé gG '8 Cf%r}&%ézcé)és&)nos 2262
M@uga)zmﬁdh&%dﬁwmaﬁt PRG4 Lub:5 cDNA construct (SEQ ID NO:

22) in pTmed2 vector are each flanked by Sall (G"TcGAc) and Not! (Gc
~GGccthd) testhietidR sitds1ttie SR Airointony il Bon¥difiediK dzaklated into the

PREIFDBINHIARM IRMFTENELCACThe insert between S373 and E425 (i.e., E848 of
native PRG4) of the entire PRG4-LUB:1 protein (SEQ ID NO: 7) is the 51 amino acids of
SEQ ID NO: 9. These are translated from the Lub:1 DNA insert (SEQ ID NO: 8) and

include four perfect KEPAPTT sequences. Between the BssHII restriction site (G*CGCGC;
base nos. 1118 through 1123 of SEQ ID NO: 6) and the BspEI restriction site (T~CCGGA;
base nos. 1269 through 1274 of SEQ ID NO: 6) is found the internal Bsu36I cloning site
(CC*TNAGG, i.e., CC*"TAAGG; base nos. 1225 through 1231 of SEQ ID NO: 6).

[042] As in the recombinant PRG4-Lub:1 construct in pTmed2 vector, the
recombinant PRG4-Lub:2 cDNA construct (SEQ ID NO: 10) in pTmed?2 vector is flanked
by Sall (G*TCGAC) and Notl (GC*GGCCGC) restriction sites; the Sall site incorporates a
modified Kozak translation initiation sequence (CCCACC) before the translation start codon

ATG (base nos. 1 through 3 of SEQ ID NO: 10). Similarly, the recombinant PRG4-Lub:3
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5 before the translation start codon ATG (base nos. 1 through 3 of SEQ ID
NOS: 14, 18, and 22, respectively). [43] Within the PRG4-Lub:2 cDNA
construct, the internal Bsa36l cloning site (CCATNAGG, i.e., CC"TAAGG;
base nos. 1318 through 1324 of SEQ ID NO: 10) is found between the
BssHII CGCGC; base nos. 1118 throught1123) and BspEl COGGA; base

10 nos. 1347 through 1352) restriction sites. The PRG4-Lub:2 construct
eSRE e Reuat0)SIE @ ARsPit dl thro iR e s REinapis R Bfbleih: fsE) b aqaptruct (SEQ

1B) Nihe igserhhaiuerR AR PREFL (k65 EBABOLBAIVEPRES oHtheD: 22) in
entire PRG4-LUB:2 protein (SEQ ID NO: 11) is the 77 amino acids of SEQ

A Me21ctviedrs duchr ke ot/ the LB ONIRIYEH (SECEASNO) Testriction
105 Imelage OhARESHHAHEN RRtHET & SIRINQASIHR RLNAUME DRG] cecacc)

15 77 amino acids of the recombinant lubricin PRG4-LUB:2 form six
perfecticEPARTIOBstIE pReNAEEdPpsoxipsalelyfaighidhpe AEQ KENASTIH, 18, and
580HENCE vely) [44] Within the PRG4-Lub:3 cDNA construct, the internal

Bsa3 clonlng site (CCATNAGG, i.e., CC*"TAAGG; base nos. 1411

throug fl%}? WidRR_HP 15@41@155?%1@1? %Wﬁ?@ﬁcﬁstﬁ'e" e e e cloning site
base nos. 1118 through 1123) and BspEl (It\ CCGGA; base nos. 20 1440
(B84 by eSEAtdESitbeseT ResP R thipugh dAthadt $ERANDNGD10) is found
HANSRREIMEA 710 U PROGIL RS PIAIEIGER PN Qhd Bl B Insertcn; ase
between S373 and E482(i.e., E848 of native PRG4) of the entire
meﬁﬁb@@mt@ﬁ%}ﬁwmmlt%) @m@&@%hn‘nﬂocam@@f SEQ IB NO: 10) is
Nk hled RES G PRARIINB MR B HPNOMIGHRERL NRidh) 5373 and
In place of A374 through P847 (474 amino acids) of native PRG4, the 2

kg8 hfnmofﬁéi&%ﬂﬂﬁléeré’dbﬁﬂmﬁémqmmﬂﬂﬁed-wga)f@er{ﬁﬁQ ID NO: 11) is

RR/PPLIRRARTL 5paRnepsand ??pfﬁéé'én%té"&Jﬁé@ak@@%ﬁﬂﬂéiﬁ%@NA insert
sequences. [45] Within the PRG4-Lub:4 cDNA construct, the internal

BRI NAING sile e PIAGHE, theondCRYAAG G, wpamomsils sEAative PRG4, the
Hropei A OlP R RN HENISIBHRMH beReRenBssSHIG GS Q'féct KEPAPTT
base nos. 1118 through 1123) and BspEl (It\ CCGGA; base nos. 301533
ﬁ@ﬁwgﬁﬁwaé)ap@gmeﬁ@rﬁbﬂ@rm@@m@ﬁﬁ:ﬁ%ﬁgwacgs,EQ ID NO:

18) is translated into the PRG4-LUB: g}grotem (SEQ ID NO: 19). The insert
betwee94sd7 PHhin 1RG4 lenbBoaB AR BBy BriereibAargo! cloning site

RRGALUYB 4 protein f3EQ IRNQoL N5 1the: a!nlr"io(ﬁ%@f(j)f§®@ 1Q4) is found
NO: Z1. These are translated from the Lub:4 DNA insert (SEQ ID NO:20).

heptaee BfsABT aErratgh: bawynes74 bibikwoaahs) 8f hanid 8 PREA, {HeGEag base nos.
@HHOQ@S\E’%C’M%) rRCRBnRRt b rIgRPRCedr i B4 E%H&M‘?'té@%@frfﬁc}«o: 14) is

KEPAPTT 5 sequences and approximately six imperfect KEPA
segletrceinto theJR GUthid Bre PREn-(IBSIEDNA: donstrhetingratineswegn S373 and

B3y36| £loping Siieiidive BRAS Gr e chfire PRES DRSS e1?15§ﬁ% ID NO: 15) is

through 1603 of SEQ ID NO: 22) is found between BssH

ﬁ&sé%@nmmﬁmfgﬁﬁﬁﬁé)l\é@d @s&épwm“@eﬂatsagf@%ﬁlqézb 3 DNA insert

gﬁﬁ%gﬁb 281)gesiisien sites: g RRGPkyb: @@%ﬁﬁﬁﬁ@ta{é&%%&@e PRG4, the
2) is 10 translated into the PRG4-LUB:5 protelnlgEQ ID NO: 23). The

iH e ApBRvedAs 3 1BearrgEalinqiielulrgas BREE BR g fine E?ﬁfﬁét KEPAPTT

E’ ey Fha ApINIkRER HRNRp&dids it Apd-arineacids of SEQ ID
: 25. These are translated from the Lub:5 DNA insert (SEQ ID NO:24).

In pPlaceoabA3WA HIFOHRNPRSML (464 @DINA aekkhrt NAbv kR 4B ML ¢ning site

amino acids of the recombinant lubricin PRG4-LUB:5 form fifteen perfect

(SR RPIEE 1 BeselichbRS Grt o proximatelreughn i &ffedi R ER AW 8) is found
BEAWSICESS HII ([fﬂﬂd@b‘%@%@}{oéh@lﬁ@)ﬁﬁ%ﬁ ﬂ%‘i“élﬂitb?pﬂ'ltf‘f‘é@@cm base nos.

cDNA cassette-Z can be iterated |ndef|n|te ach iteration resultsin

A3k S arghrb3e retiREMATTY sdhed? @é‘ LpkidasyestBieih(RgR 1D NO 18) is
lhritinIRRG ik PREAIORID RRGA-ER G8re 6oNsYUated b tiSW@%n $373 and

through the use of insert sequences, recombinant lubricins PRG4- 20
LUB:6 through PRG4-LUB:N are constructed. Table 2 provides a
summary of BsslllI/BspEl insert sequences.
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[48] Table 2. BssHII | BspEl Insert Sequences LUB INSERT SEQ ID NO:
Sequences (restriction sites underlined in DNA inserts; KEPAP TT
sequences are highlighted in protein inserts) Lub:1 8
GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTC
AGCTCCT 14

ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCAC ]
ETREeadE848 of native PRG4) of the entire PRG4-LUB:4 protein (SEQ ID NO: 19) is

the CIP MR RALECHESETD TIRETACARCASM sl A R EHBE DNA insert
CCGGA LUB:19 APT TPKEPAPTTTICSAPT

BHEPANPRN S Rbirs BfCEPARYIRAAS (47 amino acids) of native PRG4, the
139 amino acids of the recombinant lubricin PRG4-LUB:4 form twelve perfect KEPAPTT

sequences and approximately six imperfect KEPAPTT sequences.

[046] Within the PRG4-Lub:5 cDNA construct, the internal Bsu36I cloning site
(CC*TNAGG, 1.e., CC*TAAGG; base nos. 1597 through 1603 of SEQ ID NO: 22) is found

between BssHII (G~ CGCGC; base nos. 1118 through 1123) and BspEI (T~ CCGGA; base nos.
1626 through 1631) restriction sites. The PRG4-Lub:5 construct (SEQ ID NO: 22) is
translated into the PRG4-LUB:5 protein (SEQ ID NO: 23). The insert between S373 and
E544 (i.e., E848 of native PRG4) of the entire PRG4-LUB:5 protein (SEQ ID NO: 23) is
the 170 amino acids of SEQ ID NO: 25. These are translated from the Lub:5 DNA insert
(SEQ ID NO:24). In place of A374 through P847 (474 amino acids) of native PRG4, the
170 amino acids of the recombinant lubricin PRG4-LUB:5 form fifteen perfect KEPAPTT

sequences and approximately seven imperfect KEPAPTT sequences.

[047] Importantly, the process of inserting the synthetic cDNA cassette-2 can be
iterated indefinitely. Each iteration results in the addition of three perfect KEPAPTT
sequences. Just as recombinant lubricins PRG4-LUB:2 through PRG4-LUB:5 are
constructed in this way through the use of insert sequences, recombinant lubricins PRG4-
LUB:6 through PRG4-LUB:N are constructed. Table 2 provides a summary of
BssHII/BspE]l insert sequences.

[048] Table 2. BssHII / BspE1 Insert Sequences

LUB SEQ Sequences (restriction sites underlined in DNA inserts;
INSERT | ID NO: | KEPAPTT sequences are highlighted in protein inserts)

Lub:1 8 GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTCAGCTCCT
ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCAC
GCCTAAGGAGCCAGCTCCTACTACAACGAAACCGGCACCAACCACTCCGGA

LUB:1 |9 APTTPKEPAPTTTKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTKPAPTTP




15 LUB INSERT SEQ ID NO: Sequences (restriction sites underlined in
DNA inserts; KEPAP TT sequences are highlighted in protein inserts)
Lub:2 12
GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTC
AGCTCCT 15
ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCAC

CeHB8CAC SEQ Sequences (restriction sites underlined in DNA inserts;
COGERAAVIOAGESAETTALe A @ETHOREdG A PEAGH G )

\CCACGA

AL an =g

\EABL GGAQ CCACAACTACCARAGGAGBGECEGECCCCTACGACIQEAAAAGCTCCT
SGAACCQ ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGA
AGAGCGCACCCACAACACCAAAGGAGCCGGCCCCTACGACTCCTAAGGAACCC
AAACCGGCACCAACCACTCCGGA

D> )

LUB:2 |13 APTTPKEPAPTTTKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTKEPAPTTTK
SAPTTPKEPAPTTPKEPKPAPTTP

Lub:3 16 GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTCAGCTCCT
ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGA
AGAGCGCACCCACAACACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCA
GCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCAC
AACACCAAAGGAGCCGGCCCCTACGACTCCTAAGGAACCCAAACCGGCACCAA

CCACTCCGGA

LUB:3 17 APTTPKEPAPTTTKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTKEPAPTTTK
SAPTTPKEPAPTTPKEPAPTTTKEPAPTTTKSAPTTPKEPAPTTPKEPKPAPT
TP

Lub:4 20 GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTCAGCTCCT

ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGA
AGAGCGCACCCACAACACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCA
GCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCAC
AACACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCAGCCCCTACTACGA
CAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCACAACACCAAAGGAG
CCGGCCCCTACGACTCCTAAGGAACCCAAACCGGCACCAACCACTCCGGA

LUB:4 |21 APTTPKEPAPTTTKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTKEPAPTTTK
SAPTTPKEPAPTTPKEPAPTTTKEPAPTTTKSAPTTPKEPAPTTPKEPAPTTT
KEPAPTTTKSAPTTPKEPAPTTPKEPKPAPTTP

Lub:5 24 GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTCAGCTCCT
ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCACCCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGA
AGAGCGCACCCACAACACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCA
GCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCAC
AACACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCAGCCCCTACTACGA
CAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCACAACACCAAAGGAG
CCGGCCCCTACGACTCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGC
ACCCACAACCACGAAGAGCGCACCCACAACACCAAAGGAGCCGGCCCCTACGA
CTCCTAAGGAACCCAAACCGGCACCAACCACTCCGGA

LUB:5 |25 APTTPKEPAPTTTKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTKEPAPTTTK
SAPTTPKEPAPTTPKEPAPTTTKEPAPTTTKSAPTTPKEPAPTTPKEPAPTTT
KEPAPTTTKSAPTTPKEPAPTTPKEPAPTTTKEPAPTTTKSAPTTPKEPAPTT
PKEPKPAPTTP

[049] Although we have exemplified the base DNA construct with full-length

PRG4 containing all 12 exons (minus a central portion of exon 6), splice variants of PRG4
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AAACCGGCACCAACCACTCCGGA LuB:2 13 APT

TPKEPAPTTTICSAPT

TPKEPAPTTTKEPAPTTPICEPAPTTTICEPAPTTTIC SAPT
TPICEPAPTTPKEPKPAPTTP Lub:3 16
GCGCGCCCACAACTCCAAAAGAGCCBGCACCTACCACGACAAAGTC
AGCTCCT

nex adssceec Anpleyed.c donsing conaths AreriRest Aand ks cnds dengh  desired.

@%&9&1@/, different restrictions enzymes may be employed in an analogous strategy,
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACA )
Revidipgthat their location is conveniently located within nucleic acid sequence encoding

ﬁ%@jggﬁﬁ@cﬁ%%&ﬁaﬁéﬁﬁ%%Gﬁ@é@@c‘frﬁ@&ﬁ%@ﬁﬁﬁe exon 6

EsEEaeT R TRAEIATAIARS GIESCE TETAE SENEN A ACTSAURKES it exon 7

rSaSICAlon 12 sequences of the native PRG4 gene. In other embodiments, the base
AACACCAAAGGAGCCGGCCCCTACGACTCCTAAGGAACCCAAACCG
BNAcensiuct is identical to a recombinant MSF sequences described in US6433142 or

US20020137894 except that part or all of the sequences of exon 6 are absent.

[050] The invention provides cDNA constructs encoding recombinant lubricins
that are cloned into Sall (G*TCGAC; base nos. 1027 through 1032 of SEQ ID NO: 5) and
Notl (GC*GGCCGC; base nos. 3984 through 3991 of SEQ ID NO: 5) restriction sites in the
eucaryotic expression vector pTmed2 as a preferred embodiment (e.g., recombinant
PRG4-Lub:1 cDNA construct in pTmed2 expression vector is located in SEQ ID NO: 5 at
base nos. 1038 though 3983). The Sall site incorporates the first base of a modified Kozak
translation initiation sequence (CCCACC; base no. 1032 of SEQ ID NO: 5) before the
methionine start codon (ATG; base nos. 1038 through 1040 of SEQ ID NO: 5). Other
embodiments of the invention include other restriction site combinations and other

expression vectors.

[051] In a preferred embodiment, the interative process makes use of the
synthetic cDNA cassette-1 (SEQ ID NO: 1) in expression vector pTmed2, which is
flanked by the restriction sites for BssHII (G~CGCGC) and BspEIl (T~CCGGA), and the
synthetic cDNA cassette-1, which includes an internal Bsu361 restriction site (CC*TNAGG,
i.e., CC"TAAGG; base nos. 107 to 113 of SEQ ID NO: 1). For the iterative generation of
recombinant lubricin constructs containing KEPAPTT-like sequences in this preferred
embodiment, synthetic cDNA cassette-2 (SEQ ID NO: 3) is inserted between the Bsu361
and BspElI sites of the recombinant construct. Synthetic cDNA cassette-2 (SEQ ID NO: 3)
is flanked by a modified remnant Bsu36/ site (TAAAG) and a remnant BspEl (ACTCCGG)
site. It also includes an internal Bsu361 site (CC*TNAGG, i.e., CC*TAAGG; base nos. 92
through 98 of SEQ ID NO: 3). Upon cloning synthetic cDNA cassette-2 into the Bsu36/
and BspEI sites of a recombinant lubricin construct, the Bsu361 cloning site of the original

construct is destroyed leaving one unique Bsu361 cloning site in the new construct.
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CCACTCCGGA LUB:3 17 APT TPKEPAPTTTICSAPT
TPKEPAPTTTKEPAPTTPKEPAPTTTKEPAPTTTIC SAPT
TPKEPAPTTPKEPAPTTTKEPAPTTIK SAP TTPKEPAPTTPKEPKPAP T
TP Lub:4 20
GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTC

AGCTCCT ‘ ‘ ‘ ‘
[052] In this preferred embodiment, the amino acid sequence "APTTPKEPAPTT

TKSAPTTPKEPAPTTTKEPAPTTPKEPAPTTTK" (SEQ ID NO: 26; 45 amino acids) remains

a part of each PRG4-LUB:N protein (where N = an integer of 1 or more). In addition, the

amino acid sequence "KEPAPTTTKEPAPTTTKSAPTTPKEPAPTTP" (SEQ ID NO: 27; 31

amino acids) is encoded by the DNA insert that becomes part of each PRG4-Lub:N+1
cDNA construct through the addition of synthetic cDNA cassette-2 Bsu361/BspEI to a
PRG4-Lub:N cDNA construct. For PRG4-LUB:N protein where N is an integer greater
than or equal to 3, the amino acid sequence "EPAPTTTKSAPTTPKEPAPTTP" (SEQ ID NO:
28; 22 amino acids) joins SEQ ID NO: 26 to (N minus 2) repeats of SEQ ID NO: 27 in
preferred embodiments. Futhermore, the amino acid sequence "KEPKPAPTTP" (SEQ ID
NO: 29; 10 amino acids) immediately follows the last insert repeat of SEQ ID NO: 27 in
preferred embodiments of the PRG4-LUB:N protein where N is an integer greater than or
equal to 2.

[053] Because they form at least two KEPAPTT sequences, SEQ ID NO: 26,
SEQ ID NO: 27, and SEQ ID NO: 28 are each designated herein to be a "repetitive
KEPAPTT-like sequence” (the N-terminus of SEQ ID 28 links to a K residue so that SEQ
ID NO: 28 forms two KEPAPTT sequences in PRG4-LUB:N proteins).

[054] Consequently, for recombinant lubricin protein PRG4-LUB:N (where N
equals an integer of 1 or more), the PRG4-LUB:N protein comprises SEQ ID NO: 26 in a
preferred embodiment. Furthermore, for recombinant lubricin protein PRG4-LUB:N
(where N equals an integer of 2 or more), the PRG4-LUB:N protein also comprises SEQ
ID NO: 27 in a preferred embodiment. SEQ ID NO: 27 is repeated (N minus 1) times
within each PRG4-LUB:N protein in these preferred embodiments. In PRG4-LUB:2, SEQ
ID NO: 26 and SEQ ID NO: 27 overlap (i.e., they share a KEPAPTT sequence).

[055] In other preferred embodiments where N is an integer greater than or equal
to 3 (e.g., where N equals an integer from 3 through 200, or in more preferred
embodiments where N equals an integer from 5 through 50, or in even more preferred
embodiments where N equals an integer from 10 through 30), recombinant lubricin protein
comprises the 22 amino acids of SEQ ID NO: 28 joining the N-terminal-oriented 45 amino

acids of SEQ ID NO: 26 to (N minus 2) repeat(s) of the 31 amino acids of SEQ ID NO:
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ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCAC
CCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACA
ACCACGA
AGAGCGCACCCACAACACCAAAGGAGBCCGGCCCCTACGACTCCTAA

AGAACCA
etobeT e TActRe ARG A BT 8eatcrnCKantadeRaBRdEanino-acid

ESAEQ ID NO: 27.
CACCAAAGGAGCCGGCCCCTACGACTCCTAAAGAACCAGCCCCT

ACTA@S36] Table 3. Sequence Frequencies in Preferred PRG4-LUB Proteins
CAAAGGAGCCTGCACCCACAACCACGAAGAGCGCACCCACAACACC

AAAGGAG | SEQID SEQ ID SEQ ID SEQ ID
PRGGLUBCTAROALH CCTANBEZSACCCAMACHGGCAROAAE CACKEPAPTT
C@Estein UB: N 2hBRETPKEBARTTTICSART. - « insert C-end | repeats

TPDIEDADTITITITIEDADTITIDIVEDADTTTIVEDADTTTIC, ~AD T

-
ITINCErFAF T IITINRErFAF TTEFNCEEFAFT T TTITINEEFAETTTIC OAF 1

TPREBAPTTPKEPAPTTTKEPARTTTICSAP TOPKEPAPTTRKEPARTTT 4
KEPAPTTTICSAPTTPKERAPTTPKEPKPAPTTP Lup:524

-LUB:2 1 0 1 1 6
-LUB:3 1 1 1 1 9
-LUB:4 1 1 2 1 12
-LUB:5 1 1 3 1 15
-LUB:N 1 1 N-2 1 3xN

[057] PRG4-LUB:N proteins in general have (3 times N) repeats of the
KEPAPTT sequence in preferred embodiments where N equals the number of repetitive
KEPAPTT-like sequences. Recombinant lubricin PRG4-LUB:5 (having 3 x N=3x 5 =
15 copies of the KEPAPTT sequence in preferred embodiments) is the largest recombinant
lubricin PRG4-LUB:N whose sequence is detailed herein. For recombinant lubricin of the
present invention, however, the value N may be greater than 5, such as 7, 10, 12, 15, 20,

25, 30, 40, 50, 100, 150, 200 or more.

[058] In particular, proteins PRG4-LUB:1, PRG4-LUB:2, PRG4-LUB:3, PRG4-
LUB:4, and PRG4-LUB:5 are detailed herein with 4, 6, 9, 12 and 15 perfect KEPAPTT
sequences, respectively. However, it is possible to add increasing numbers of KEPAPTT
sequences by continuing the iterative Lub:N insert procedure described herein. We have
provided detailed description for PRG4-LUB:N recombinant lubricins with relatively low
numbers of KEPAPTT or KEPAPTT-like sequences as compared with native

PRG4/lubricin protein because smaller proteins are easier to synthesize and manipulate.

[059] It may also be desirable to increase the number of KEPAPTT-like
sequences over that seen in native PRG4 protein. This can be accomplished either by

continuing the iterative Lub:N insert procedure described herein so that there are more

than 78 KEPAPTT-like sequences in the recombinant lubricin PRG4-LUB:N protein, or
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GCGCGCCCACAACTCCAAAAGAGCCCGCACCTACCACGACAAAGTC
AGCTCCT
ACTACGCCCAAAGAGCCAGCGCCGACGACTACTAAAGAACCGGCAC
CCACCAC
GCCTAAAGAACCAGCCCCTACTACGACAAAGGAGCCTGCACCCACA
ACCACGA

R hestniog it At s ER G, aldfeh attleess thet ercaree GAleteied paan exon 6-

AahEd version of PRG4 ¢cDNA. Thus any KEPAPTT-like sequences added will be in
GCCCCTACTACGACAAAGGAGCCTGCACCCACAACCACGAAGAGCG
exsese oA ¢he number found in native PRG4 protein. Insert procedures used for the

%%%WA@%@%E@TA§%EQ§EA%%%§WT as well as

BAANPIECABIERS TRIE AR AENNC AL AR GACB OAtiieialsA Aciier of PRG4

éﬂﬁﬁ,@&%ncompassed within the invention.
CCGGCCCCTACGACTCCTAAAGAACCAGCCCCTACTACGACAAAGG

AGCEX@MPLE 2: EXPRESSION AND PURIFICATION OF 'LUB' PROTEIN
ACCCACAACCACGAAGAGCGCACCCACAACACCAAAGGAGCCGGCe

CCTAQBAICPRGIAAGGCABKRE CAAALT GEQAD YN GCAGTHMEE G/Athetic cDNA

PR AT AP LTEREREP PriGBAB el pfaptive CHO DUKX cel

TiRd< B ARST Risiia RARTITidikcid PAGITL TACSAubiliReEE RAPEY RKiEHART BD0 mM L-
KEPAP;‘K&P&%D T TPKEPAPTTPKEPAPTTTKEPAPTTIK SAP

PTTP

[061] The PRG4-Lub:1 cDNA construct was expressed in a stably transfected
CHO DUKX cell line and the conditioned media was collected. A two liter volume of this
conditioned media was filter concentrated under compressed nitrogen gas (40 psi) using an
AMICON® M2000™ filtration unit fitted with either a 10 kDa nominal molecular weight
limit (NMWL), a 30 kDa NMWL or a 100 kDa NMWL PALL FILTRON® OMEGA™
disc membrane. Media was concentrated to approximately a 100 ml volume, which was
aspirated from the disc membrane. The disc membrane was then removed from the
AMICON® M2000™ filtration unit. The "mucinous" retentate, which had accumulated at
the surface of the disc membrane, was harvested using a cell scraper and transferred to
microcentrifuge tubes. The samples in the microcentrifuge tubes were centrifuged at
approximately 12,000 x g for 10 minutes, and the aqueous supernatant was removed. The
remaining "lubricin-enriched" pellets were dissolved in phosphate buffered saline (PBS)
containing 500 mM L-arginine hydrochloride. The L-arginine hydrochloride

concentration may range from 100 mM to 2.0 M.

[062] Using the above procedure, PRG4-LUB:2 through PRG4-LUB:5
glycoproteins (and PRG4-LUB:N proteins where N = a nonnegative integer of 6 or more,
as well as other glycoproteins containing KEPAPTT-like sequences) are harvested directly
from disc membranes, i.e., without purification of the concentrate remaining above disc

membranes. That is, these recombinant lubricin glycoproteins are isolated directly from

disc membranes of 10 kDa NMWL, 30 kDa NMWL, or 100 kDa NMWL PALL
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16 may also be employed, depending on the various activities and length
desired. Additionally, different restrictions enzymes may be employed in
an analogous strategy, providing that their location is conveniently located
within nucleic acid sequence encoding PRG4 protein. In other
embodiments, the base DNA construct |20ks native exon 6 5 sequence,
but includes one or mare of exon 1 through exon 5 sequences or of exon

PRATR N BBNES SequidhicsioBUHE ndBvePRIBAPEAR. e tugdycoproteins may also
smbggiments fibs bage DNAcaRateuctdmifeniicahi @ reapmbipRdVREs  through
sequences described in U56433142 or U520020137894 except that part o
shramgf s RigUsHES U eXofl e UrphMsEntaEmiqyss pfvBatbiRereviEnt lubricin
SR SORSI UstscBPRAGIRG raepmiNBant luniainRg 10kihat areoalanRdabi9 and other
Sall (G" TCGAC,; base nos. 1027 through 1032 of SEQ‘-%D NO: 5) and Not! )
tesbnigise ker nHadBg e (89 dRtsratyHesdeicEPaED 1P RiG3 b2 for MSF proteins;
kgsthistion&itesnisy, theveueanytispexprespion vector pTmed2 as a preferred
embodiment (e.g., recombinant PRG4-Lub:1 cDNA construct in pTmed2
expression vector EXOCMPI I £ EANPUNO IS TIoRSHREMISIPRY though

3983). The Sall site incorporates the first base of a modified Kozak 15
transla{i@éBinitidtoceleguencef{dcbAco; hasernml 2832k &EQ@riicN@ns)was further
bEforF ta & rrl‘lethionirr]r?u%% ritsg Oc gﬂl(cpé}-f }?rﬁsgergosfnlgd%zg tit hr{O h %‘e()s%gc%fof lubricin
g}ég I5) ED: gfl.gd{ﬂer emboadiments o ei%e ifverition include’ other
restribtionisite confisieationBiding pllkeraeyeréssitinuepoitr&ihjmad meninges, was
Q)r(%felrlrlg aembﬁgllm{eonttnét}el nterativ%\tﬁrgo ess makes use of the 20

synthetic cORA'CasSette-1 L%‘E&glgl : i’) in expression vector pTmed2,

which i k tricti ites, f (G

(Troce g e AT SR e L, e comsen
BoaBphtiestsiciidargie (OERNGEa¢eMe@CATZAG Othisads wes. ckgmined 1\8ere normal
RLAER N i e Al anne AARAT RIPIPAN MR Chilage, pleura,
constructs containing KEPAPT T-like sequences in this preferred 25
entisetimentpeynhte, oDMN ges JurEL 2S8R0, ImddzaB)dstingafednine normal and
BS%%&H&H@ ﬁéﬁﬁ@ﬁsﬁ"&er%ﬁ%%%ﬁ%%ﬁfxﬁbﬁg%ﬁ%ﬁ??&ﬂﬁ%&&’&ﬁ”uﬁs%Iues were fixed in

Synthetic cDNA cassette-2 ID NO: 3Jis flanked by a modifie

%@amfsrgaaépgn@e(m@tdﬁq AteerhaaiesBSp E‘_p(l@w@gc%) Rypmess [incubation in
Asaiinghidss AR WA BRARalEIG (s TNA G | or ST AMEGeRARal studies
nos. 92 through 98 of SEQ ID NO: 3). Upon cloning synthetic cDNA

thasdbreey weecthgbaset’Boamalsepridnede ofos rdribiinantd |Gb¥igmicron paraffin
CORRIRCl HaeBSARRI. Clonina&iter @isthes a0 # SRASHUS S %éﬁ%ﬂg% ]tCI)I[lno graphy

leaving one unique Bsa36l cloning site in the new construct. 17 [

{95 Prefeaeail & rpdanadt 2tk Ahitfo adiel $8guksiea "ARTVRRK foiawadr by acetone
FKSRARTTPKEPAPTTTKEPAPTTPKEPAPTTTK" (SEQ ID NO: 26; 45

amino acids) remains a part of each PRG4-LUB:N protein (where N = an

integer[9&]onmRkmlo A ALHLRR A NA @THIRLAGIELSRIYERCEnalyses utilized a purified
"KEPAPTTTKEPAPTTTKPAPTTPKEPAPTTP" (SEQ ID NO: 27; 315

anlisraeidePRitetiGdEm Y thrisiAREdtHA D EEAHYS gsarr8icdayn immunization

RiRE4-kubddksd ebN osqnstiusiinouahithie asdifermisnthatic pRMM A column.
cassette-2 Bsu361/BspEl to a PRG4-Lub:N cDNA construct. For

PRE% TR SRR ERSD S srmen et Gredfsr trrshio i &aihy dnasrapbages (Fey
apipe it sepuepreC ERAPIHHSRARBOMERRBRSB) (v Q@sHa N@iB ibroblasts
22 amino acids) joins SEQ ID NO: 26 to (N minus 2) repeats of SEQ ID

w@?127qwaﬁ%ré?gvva&-er?%dﬁﬂ%ﬁﬁ%. ?ﬁﬁiﬁé}m&,%%mocgeﬁnﬁaﬂon of RIgG
seaaror "KRBSPAPTER) (SEfRRAD NSKROES) aminavaeds) iMAKDaS!Ywas used

follows the last insert repeat of SEQ ID NO: 27 in preferred embodiments

6P e REY: L TR P HrEtantGeRd g SN RGN YRRz ir BT tyas used to

Zisualize antibody binding and the sections were counterstained with Mayer’s alum-
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[53] Because they form at least two KEPAPTT sequences, SEQ ID NO:

26, 15 SEQ ID NO: 27, and SEQ ID NO: 28 are each designated herein to

be a "repetitive KEPAPTT-like sequence" (the N-terminus of SEQ ID 28

links to a K residue so that SEQ ID NO: 28 forms two KEPAPTT

sequences in PRG4-LUB:N proteins).  21[54] Consequently, for

recombinant lubricin protein PRG4-LUB:N (where N equals an integer of 1
BEMBPSy the IPRUBAI SNSRI DRTETSRI Sising) harbo yenfigapp antibodies and

Ef@ffeﬁ'e\giﬁm@%?t -aﬁﬁﬂ&ﬁ@@”'%ﬁei@r I8N HERNICARPIREBES™, Oregon)
RG4-LUB:N (where N equals an integer of 2 or more), the PRG4-LUB:N
BroteAP A5 EEMPIIEs BEFID 10D #d BréteANHBRBBAMRTY. Bt 488 nm.

s 2 AtiBi IAHON MBSy IV AR e with i iape NARSME- BB NsRERt§iicroscope.
in these preferred embodiments. In PRG4-LUB:2, SEQ ID NO: 26 and

SEQ 100¥6): ATubMerapvise ddhershash @ itePARhdesesiuansahl 251@56dteoarthritic
In other preferred embodiments where N is an integer. greater than or
BHB4N 8 E Y. CHHERENELTIS AR Thiet AT O HET b I SBoc BPRIcHbrgoated the

prataeied essleogdimants wheieeN equaloaniiniegesiiemredhcoughofddorstrong  cell
in even more,preferr?%embodiments where N equals an intﬁpﬁer from 10

TRFSRYANS oY B i A AR R PP L S s & Sb IR Riqiely was also
SEQIRNG: A8 joiaingtHie dyrdeviminaHerignies]d hamines8thacde o BEG-+lubricin,
ID NO: 26 to (N minus 2) repeat(s) of the 31 amipo acjds of SEQ ID NQ:

5 e o1 AN T S TR, R e BB CDI6
lasindde aNiyacdcid fepeablofcSERMINRIET 1109H¢sEableod s guencehroughout the

ETre(‘iluertJI@i)es in Pr.eferrbed I?IRG4-LUB Prqteiqs PRGAL I? rotein SEQ ID
o 18 SRS ut there was no co-localization with lubricin.

[067] Staining of NHP and canine articular tissues (normal and OA) with the
lubricin antibody showed lubricin coating the surface layer of the synovium, cartilage,
meniscus, and tendons. NHP cartilage also showed strong immunoreactivity not only in
the superficial zone cells but also the transitional zone cells without the addition of
monensin to increase intracellular stores of the glycoprotein. Cells lining the peritoneum,
pericardium, and pleura also exhibited lubricin expression, though no immunoreactivity

was observed in the meninges or brain.

[068] In summary, both normal and osteoarthritic synovium, tendon, meniscus
and cartilage were coated by a substantial layer of lubricin. The glycoprotein is clearly
present on tissues within OA joints. Double-immunofluorescent staining of human OA
synovium demonstrated that the intimal fibroblast synoviocytes were responsible for the

synthesis of lubricin.

[069] The localization of lubricin protein outside joint tissue has not been
previously described. A surface layer of lubricin was clearly demonstrated on lung pleura,
pericardium, and peritoneum. Lubricin is reputed to have a lubricating function within the
synovial joint, but may have multiple roles including, but not limited to, lubrication and
anti-adhesive functions in other tissues. Supplementation of these other tissues with

lubricin is a biotherapy encompassed within this invention.
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SEQ ID NO: 28 >--<SEQ ID NO: 27 > - - < SEQ ID NO: 29 insert C-end
KEPAPTT repeats -LUB:110004 -LUB:2 1
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EXAMPLE 4: RECOMBINANT LUBRICIN AS A MECHANICAL LUBRICANT

[070] Recombinant lubricin could be used as a lubricant generally, e.g., with seals
and bearings and the like. For example, US3973781 entitled "Self-lubricating seal,"
US4491331 entitled "Grooved mechanical face seal," US4560174 entitled "Multi lip seal,"
and US4973068 entitled "Differential surface roughness dynamic seals and bearings,"
each describe seals of varying designs. Recombinant lubricin could be used as a lubricant

with these seals.

[071] In particular, recombinant lubricin could be used as a lubricant for medical
devices, prostheses, and implants, particularly where a biocompatible lubricant is required.
In addition, the applications need not be medical, but could include applications in

environmentally sensitive contexts where a biocompatible lubricant may be desirable.
EXAMPLE 5: RECOMBINANT LUBRICIN COMPOSITIONS

[072] A recombinant lubricin of the present invention may be used in a
pharmaceutical composition when combined with a pharmaceutically acceptable carrier.
Such a composition may also contain (in addition to protein and a carrier) diluents, fillers,
salts, buffers, stabilizers, solubilizers, and other materials well known in the art. The term
"pharmaceutically acceptable" means a non-toxic material that does not interfere with the
effectiveness of the biological activity of the active ingredient(s). The characteristics of the
carrier will depend on the route of administration. The pharmaceutical composition of the
invention may also contain cytokines, lymphokines, or other hematopoietic factors such as
M-CSF, GM-CSF, TNF, IL-1, IL-2, IL-3, IL4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11,
IL-12, IL-13, IL-14, IL-15, TNFI1, TNF2, G-CSF, Meg-CSF, thrombopoietin, stem cell
factor, and erythropoietin. The pharmaceutical composition may further contain other
agents which either enhance the activity of the protein or complement its activity or use in
treatment. Such additional factors and/or agents may be included in the pharmaceutical
composition to produce a synergistic effect with protein of the invention, or to minimize
side effects. Conversely, protein of the present invention may be included in formulations
of the particular cytokine, lymphokine, other hematopoietic factor, thrombolytic or anti-

thrombotic factor, or anti-inflammatory agent to minimize side effects.

[073] Use of recombinant lubricin protein for intra-articular supplementation in

combination with the previously described polymeric hyaluronan (HA) and higher
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molecular weight hylans is particularly preferred. Other preferred combinations for use in
intra-articular supplementation include the use of recombinant lubricin protein with
anesthetics (e.g., lidocaine), steroids (e.g., triamcinolone hexacetonide), or radioisotopes
(e.g., yttrium). Other preferred combinations for use in intra-articular supplementation
may include autologous or heterologous cell preparations (e.g., of cultured chondrocytes,

synoviocytes, or stem cells, whether autologously or heterologously derived).

[074] A recombinant lubricin of the present invention may be active in multimers
(e.g., heterodimers or homodimers) or complexes with itself or other proteins. As a result,
pharmaceutical compositions of the invention may comprise a protein of the invention in

such multimeric or complexed form.

[075] A pharmaceutical composition of the invention may be in the form of a
complex of the recombinant lubricin protein(s) of present invention along with protein or
peptide antigens. The protein and/or peptide antigen will deliver a stimulatory signal to
both B and T lymphocytes. B lymphocytes will respond to antigen through their surface
immunoglobulin receptor. T lymphocytes will respond to antigen through the T cell
receptor (TCR) following presentation of the antigen by MHC proteins. MHC and
structurally related proteins including those encoded by class I and class II MHC genes on
host cells will serve to present the peptide antigen(s) to T lymphocytes. The antigen
components could also be supplied as purified MHC-peptide complexes alone or with co-
stimulatory molecules that can directly signal T cells. Alternatively antibodies able to bind
surface immunolgobulin and other molecules on B cells as well as antibodies able to bind
the TCR and other molecules on T cells can be combined with the pharmaceutical

composition of the invention.

[076] A pharmaceutical composition of the invention may be in the form of a
liposome in which protein of the present invention is combined, in addition to other
pharmaceutically acceptable carriers, with amphipathic agents such as lipids which exist in
aggregated form as micelles, insoluble monolayers, liquid crystals, or lamellar layers in
aqueous solution. Suitable lipids for liposomal formulation include, without limitation,
monoglycerides, diglycerides, sulfatides, lysolecithin, phospholipids, saponin, bile acids,
and the like. Preparation of such liposomal formulations is within the level of skill in the

art, as disclosed, for example, in US4235871, US4501728, US4837028, and US4737323.
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3115-LUB:N11N-213xN [057] PRG4-LUB:N proteins in general
have (3 times N) repeats of the 5 KEPAPTT sequence in preferred
embodiments where N equals the number of repetitive KEPAPTT-like
sequences. Recombinant lubricin PRG4-LUB:5 (having3x N=3x5=15
copies of the KEPAPTT sequence in preférred embodiments) is the
largest recombinant lubricin PRG4-LUB:N whose sequence is detailed

herein.[Bof ke &d MBiETR L BHcmThade PréseHpsaveitibis, AbWsveretprt invention, a

vl Ml fean periaateathame otusd @ oflfe leddh 28vdfi%on R0adWinistered to a
50, 100, 150, 200 or more. [58] In particular, proteins PRG4-LUB:1,

PRsal(¢B: 2 pres) havierendifionte bsieepric Lo ph ke quesgaginvention
RereiPewWiliniSeRdl thand Jadesferik BRAREHoaeiuaRCAS ERRRECHMENalone or in

However, it is possible to add increasing numbers of KEPAPTT

SeEhEMLEn By Eb Ath NP TARI Gl PAEl e HSNMAREEPHICSHE & YakEMSedymphokines,
beiaimeWRJI R TRIOM IS -drtBied dessiptianslonRERGA-bidB i tered with one or

recombinant lubricins with relatively low numbpers of KEPAPTT or

ResApfakines sbyuRMIEas eI RFRPHORRIRLSIE IS AfubsikiRasFdistpplements,

begaise sillerReateins digoaaaiay tesyamasizerandmenipwidi®incously with the
[59] It may also be desirable to increase the number of KEPAPTT-like

s¥rinriels bimphirkingtan I HBTR4RE A S SISIA (PhidikgRbgytic or anti-thrombotic

agaenplishediephRubyupeantnuing theiterativg. Lub:Ninseiicpiaceshiiéntially, the
described herein so that there are more than 78 KEPAPTT-like sequences

AN RN BHAR M Hefide Qeag;g_gm_rf{p&aé@e?‘ﬁgleﬁnce of administering protein of the

present invention in combination with cytokine(s), lymphokine(s), other hematopoietic

factor(s), thrombolytic or anti-thrombotic factors, or cell-based supplement.

[078] Administration of protein of the present invention used in the
pharmaceutical composition or to practice the method of the present invention can be
carried out in a variety of conventional ways, such as cutaneous, subcutaneous,
intraperitoneal, parenteral or intravenous injection, or, in some instances, oral ingestion,
inhalation, topical application. Administration to a patient by injection into joint tissue is

generally preferred (Schumacher, 2003).

[079] When a therapeutically effective amount of protein of the present invention
is administered orally, protein of the present invention will be in the form of a tablet,
capsule, powder, solution or elixir. When administered in tablet form, the pharmaceutical
composition of the invention may additionally contain a solid carrier such as a gelatin or
an adjuvant. The tablet, capsule, and powder contain from about 5 to 95% protein of the
present invention, and preferably from about 25 to 90% protein of the present invention.
When administered in liquid form, a liquid carrier such as water, petroleum, oils of animal
or plant origin such as peanut oil, mineral oil, soybean oil, or sesame oil, or synthetic oils
may be added. The liquid form of the pharmaceutical composition may further contain
physiological saline solution, dextrose or other saccharide solution, or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol. When administered in liquid

form, the pharmaceutical composition contains from about 0.5 to 90% by weight of
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19 by beginning with an intact PRG4 cDNA, rather than an exon 6-deleted

or an exon 6- diminished version of PRG4 cDNA. Thus any KEPAPTT-like
sequences added will be in excess of the number found in native PRG4

protein. Insert procedures used for the generation of larger recombinant

lubricin proteins from an intact PRG4 cDMA, as well as 5 insert

procedures that use an exon 6-deleted or an exon 6-diminished version of

PRSI b Mg PEFEBHEY RS Es sadBis sy ARIRTERVEX M PTeeptotein of the present
EXERESSION AND PURIFICATION OF 'LUB' PROTEIN [60]

PRG4-Lub:1 cDNA construct (SEQ ID NO: 6; containing synthetic cDNA

casseti@g)seWRAC NasHexREeRsediie @ stablyuiiansiacter GraadaRiive: invention
CHO DUKX cell 10 line, purified from conditioned media, and solubilized

i PIEELIRTSTHG HE TN S AR AYEBESIHARRO S fYRGURY Projgigof the present
e iRt diluks 5 B focansitrl gl voas e Rigee peechiaral Stalbbe piansfagiRdus solution.

CHO DUKX cell line and the conditioned media was collected. A two liter

VORIMERSF HHICEh SRS BY TR WASRRECE REtPatod tiRBey having due regard to

POINNEBESAC1YIlreg®iligas (A9 P Uking BNvBMMIGONGN MR2OGR14L1 A preferred
filtration unit fitted with .eith%gra, 10 kDa nominal molecular weight limjt |
ANATAST WS KPSEPANARA S APTGEISHSNRHAICPALD EHPFRGgRYs 1njection should

M AR ddisomerphieneoMaédigavas conagivnatediiotapproxibrRislcR as Sodium
ml volume, which was aspirated from the disc. membrane. The disc ,
i B BT D UAGRH O I AR RAGBUT HHisim Chloride
tijctdie "mucaralKirgterniatajootiie) hird @betimulated at A dkhe suifage art. The
%the disc membrane, was harvested using a ceII.scrsﬁer anld transferred

PG e GRABEL R h 8Ls ARG IR SHh e RIS iR g &1 10 n EQNIHPe Stabilizers,
penkifugadsabapferoximasaiynaZs000 taefoadBivisuteswand thesaqyfeqs in the art.

Eu%eernataft was removed. Th%‘. rema’h[‘lin ."Iubriqén-enrichedé‘ E\ llets were her local
USOIBRIF JHESSHRALE BURSIIPEANIHE BB UBRIAMIRY ¥ty Mggcaine or other loca
knakgibiite RydtadhlordadrdnebracgiaineHydmadnericld 265, concenditdticopes are all

maéﬁan%egé;omplo to 2.0 M. [62] Using the above procedure,
PREAE M PILGH ﬁgﬁ%%ét%e&ﬁl/ 1ES'proteins (and PRG4-LUB:N

protein {:Ler N = a nonnegative .integer of 6 or more, as. well as. other .
GlycopiSiihs The AN ER RIFHEL The Rssll) Ineirioh uf 1% plagmaceurical
frampdsscomerhbhangs see. , invtmownpwiificitpend fughen cdrecemireteand severity of the

remaijning.above disc.30membranes. That is, these re omt}]isna t.lubricin__ .
PN eire ard Uit ity oo e brAna of To KB Nivtwdent s
80deRBNMUWiotel OthOatMNg. PhAkici 20 Willl TRAM(hOMEGHK Tafi protein of the
E‘Eé"é‘é‘%“iH@é%%AH Soime RN eSS éQF%%&“yﬁl%%? AT pa ?ﬁ\ﬁ .'?%8%189 €% ending
rom the concentrate remaining above disc membranes throug
ohjomiatograbhintectinigioss drsetecfropiionetic thehpricpeet iovbihn and observe the
Recombinant lubricin protein coproteins. m | e purifi % .
L B R B aaministerea
erthtbteopievetiBedaipe 106 6483114 2 bori v 8 Fopriierisieseenndsat that point the dosage

RO G R S AN iow: phapmaseuical compositons
gs@@maﬂwitmjmm@ﬁ_mmmsmvm@m dsinkgl contain abou.t Q.Ol ug to about
B0 HRC RGP IGRI RSN QUES B RABY0P. MG PRESERERPIIYBIE g to about 1
mg) of protein of the present invention per kg body weight depending on the method of

administration and the exact therapeutic course implemented.

[082] If administered intravenously, the duration of intravenous therapy using a

pharmaceutical composition comprising recombinant lubricin of the present invention will
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10 on other tissue surfaces, including pleura, pericardium, peritoneum,
and meninges, was examined according to the following methods. [64]
Osteoarthritic cartilage and synovium were obtained by informed consent
from patients undergoing knee replacement surgery. Other tissues
examined were normal human synovium2and normal non-human primate

(NHP) synovium, cartilage, pleura, 15 pericardium, peritoneum, '
NERisgENGRE g eERHAIghRERtasahel taARRCHGAdhgsendition and potential

RElRQARRICOSHHSEUST @Qﬁi|ﬁﬂ§vi§ﬁﬁpﬁ‘ﬁmnﬂj%@%ﬁn@ﬁ$f%@m§t the duration of
Tissues were fixed in 4% paraformaldehyde immediately after harvest or

FONSViRR}19ARBLAE thewsaisdh oh e diswithBUaHaWRAYSbP ple e Atage of 12 to 24

H&H?Qﬁ"&&ﬁti‘ﬁﬁbuﬁ%ﬁ’ﬁ%ﬂﬂ@biﬁ%ﬂ%@é@@rﬁ@ﬁ‘iﬁﬁa‘t@%ﬂ@@ﬁ&ﬁ(ﬁfﬁgfbi?}fiician will
in 4% paraformaldehyde for 24 hours and 6-8 micron paraffin 20 sections )
frsid okt IRROBLatOIHERIRE Wer@idZdy ShticRYcypid the pharmaceutical

tompesaRly dQkeieazing&RmpRound and cut at 5 to 10 micron intervals

followed by acetone fixation. [65] Immunohistochemical and
immunpiBBIrepeentanRbyRasmytibizata prrifiadipobnelonaliabPitire useful for bone,
anti-human lubricin antibody (Ab 06 10& generated by immunization 25,
ﬁﬂfﬂ%&‘?u%ﬁ% o UrrAL S HREN TGP PARAC TURHOiI B S prspapstering the

%oﬁqiummﬁwdiﬁ@ngbb?@st@ﬂﬁwnﬁK&Rﬁx(@nl%remomﬁ Gﬁbp\lgag ugedié9ice. When
identify macrophages (Fcy receptor.l]l). CD106/\VCAM-1 antibody. )
aqe’@t&%t&ﬁiiE % ?Rﬂ%@g‘ée%’f‘gp%ﬁi’)ﬁt?‘&{bl&&té% i EXRRLUAR déchbrfgurse, in a
borogentradesetiongogit Aguivalprittoncan!ratinnesf iRix iy btidaRbABSIrably be
Tm, CA), MIgGi. (DAKOC1), and MIgG2a (D OC}% Wg%Jsed 3?b 1
EBFEBLRIGE " THIE T 1‘38%%%0691559& YERISIEN ! Pone, cartilage or
BAKOGh) ayas Tigsidaloadisiiiiza wsitibady tendingbandoihensegtionsoigdehealing and
counterstained with Mayer's alum- 21 hematoxylin. Immuynofluorescence,

WY peiiithePUiSNG the s8R 5h ark}ssﬁinS 'é‘ésa%lét]oﬁ%‘/ 0 optionally be
segooettiy ahtibadigs {Alexaadvescriv LIBOI AR P REQBRSydDregondditionally, be

g at anti-raphit ﬁlexa ?%gfat 546 nm. zwdag at anti-mouse Alexa dlye at bi

RO SHRLCEREBIRANTY SR HAt d@’x&)&%@é‘%@Bf&b‘%ﬁﬂIﬁp 1sing recombinant
Ntk oM (rpftueire seenheniorosadge. in[06H6] hdoiwis wistHetestedtalanPthferably the
surfaces.of norm?c,t andloiteoarthritic humaﬁularti(%ulgr cartilage.and tein-containi
SRR A THAS G Ay S Ui I LB ST c Shtelf S il fie g Protein-containing
ostepayitiviticosthdaie. @DdR6androuraftilagestengg:shovsadystrgrapleadt providing a
membrans siainjio ol he intima fbroblasts of fhe syl AT eing resorbed
protein was also visu I2€0°38% aining Within Syno il CelsSPausIe
intmuhodadyngidoh Ghxtdées|ubagibe I0raledrhf sihawad cptecalibationuse for other
within Ehg inti T a‘ gbr?blasts of the synovium. CD16 staining of synovial

%ﬁné)c%p%arélgs e SPA{8E the presence of these cells throughout the

I[g)é%ssig%ﬁ Sﬁfr;%lli_lfégltrp)yt }g] e.{l%ég?s.tﬂg Cc?f(l)?c(:ea”(z)?ti%]a%’rv]:)t(hl Qééi}')QIWI tlﬁ based on

go and canine articular tissues (normal an
theduibpeibdribduy&tgnedetiliricinecbanicgl therepaface lapemefitheappearance and

%%@%%m 1%%%1]@95‘?' TR MERRGH 3 *@ﬂ%%”%f“t'ﬁf .88%%91‘%1&13%'11 define the
showed strong Immunoreactivity not fy In the superficial zone cells but

afgudpeaca fisitionaticonBatelisalithwtit ehef el titiorpoiperdhersimay be biodegradable
. . " ) . IS Jin . .
%Q{ec%%ﬁﬁ%ﬁ%?%gﬂﬁéé 9&&%@(&1{;@#&&@?&’59@%@%%&@% oxyapatite, polylactic

peritoneum, pericardium, an ura also ex ricin expression,

tradigroixginenlimecahetiditpolaslaysiates dOthtepaientiinh esatariataiare biodegradable

2[9&0 Bﬁll&%i%g 1’—9811*11&1? rm@haglsd RHER tﬁégllﬁa?y&ﬁﬂ%éﬂt tﬁﬂqu?&’ atrices are

meniscus and cartilage were coated by a substantial layer of lubricin. The

ghyoppsoteir iBuckeprygiRe SENTOrRtiIbUes Within OMjesinesits. Other potential matrices
WhismauneipresreohSiAing aLANTA0ON oM FEmBRIRIRT bioglass

that the intintal fibroblast synoviocytes were responsible for theé synthesis

of lubricin. 25[069] The localization of lubricin protein outside joint tissue

has not been previously described. A surface layer of lubricin was clearly

demonstrated on lung pleura, pericardium, and peritoneum. Lubricin is

reputed to have a lubricating function within the synovial joint, but may

have multiple roles including, but not limited to, lubrication and

anti-adhesive functions in other tissues. Supplementation of these other
ticecriac with
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30lubricin is a biotherapy encompassed within this invention. 22

EXAMPLE 4: RECOMBINANT LUBRICIN AS A MECHANICAL

LUBRICANT [70] Recombinant lubricin could be used as a lubricant

generally, e.g., with seals and bearings and the like. For example,

1JS3973781 entitled "Self-lubricating seall" 1J54491331 entitled "Grooved

mechanical face seal," 1J54560174 entitled "Multi lip seal,” 5 and

1Ry 68T ha QoTRiiSre MiIrSGH AR roR I GAMPES Uy AR ANEBIRIORR T any of the

besvingRnRAel HgRaritensraBOkYARYN SIORISNS «RECRNRINABLMBYEIR or collagen

could be used as a lubricant with these seals. ?[tl;:el] In particular, _

ABdo HisMaMMBBAIRAe U NS eDiRwHAE S ITBHC AR 1FTF dit ACRRASHION, such as in

BERSIRESESmARNA e Yasbewheraa Rireoparatiple, Iyhicamt isze, particle

required. 10In addition, the applications need not be medical, but could
anhpirdsgsrtabilEdvironmentally sensitive contexts where a

biocompatible luhricant may be desirable. EXAMPLE 5: RECOMBINANT . .

LUBR|@ﬁ?bdﬂﬂ%@ﬁﬁ@ﬁé"smo[‘ﬁ]%ofsﬁ‘&n%iH%P}M%?Fb‘?ﬁ SPak e preahined with

inventeBniaycherusddiin thdd hanmase Wicel coanositinorvwdaanemiired wound, or

with a pharmaceutically acceptable carrier. 15 Such a composition may
S SN U iR 65 BB AR 0 s R ISR, Sadermal growth

bufersEetahiratse s@uhiiz ersnan daotbe(Faeiala Wl HeWa dwthgRbrs (TGF-a
The term "pharmaceutically acceptable” means a non-toxic material that
aeed H5ritand iasith-thes srvedvEseusBekie biological activity of the
active ingredient(s). The characteristics of the carrier will depend on the )
route of ﬁnirﬁgﬁa FPEHE AR al oMb AR ggple for veterinary
ipeitiaoryBaaisolsontadmeytiokinasalyRiphakines, H1daibes, heroatepgigiiénals such
factars such as M-CSF, GM-CSF, TNF, IL-1, IL-2, IL-3, IL4, IL-5, IL-6, . )
fis-puge gndyrass. s sl s oresy 3h gdqikiof tq auppaps, aff‘xl?iﬁ“ﬂk}%réb desired subjects
G pedien iVl eg-uSIr riduianshopaietttosiem:ee i facton rodiakydin thp ietient invention.
The pharmaceutical composition may further contain other agents which
either d0B2hcElibe@eipeity gihibe @ atpintemeampliamenihiismatbriticar dseposition to
. 25 yeatment Such.addiional factors andior agents,may. be included I erin
e pﬁarmaceu icar composition to proguce a synergistic e feetRuth g
pooiein Gidtoesinvizintiomodifto thiinaktine sifleheffectsitSpryersehoymotdiniofue weight
the.present invention may be.included jn formulations of the particular .
R B R e SH R P R RREY e, e sive o
antiztdr opple atfcdantegdotist- leflanuméaiopy agenidonmithenpeeside @ffests, and diet,
g molecuarwaidhtilans, s paicuia preferied; QRECPISIENed o the dosage
combinations for uSe i intra-articuiar supplementation inclu & the'tise oF
regy moinavithuticipperofemmawith weeé sthdiic se@os(ilidogame), vetdr diddusion of other
Ol Atk R B0 00 PR S YT O ner Known
referred comginations for use In intra-articular supplementation 5 may
golwde factologous es Hetefdiogous likd grepdr dtions (e . tlof Goklredhposition, may
chandracytes, synoviggytes, or stem cells, whether autojogously or .
e  BHIRORAEag or hsuerbone
gresvitionmiay be@gtiveon rexdtimers {1y hetesodimgrisoordtaemaldierersiations  and
QJtﬁa%mc‘ffﬁé(%soe ith itself or other proteins. As a result, pharmaceutical
COMpositions of thé invention may comprise a protein of the invention in

[088] Polynucleotides of the present invention can also be used for gene therapy.
Such polynucleotides can be introduced either in vivo or ex vivo into cells for expression
in a subject (e.g., a mammal). Polynucleotides of the invention may also be administered
by other known methods for introduction of nucleic acid into a cell or organism

(including, without limitation, in the form of viral vectors or naked DNA).
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10 such multimeric or complexed form. [75] A pharmaceutical

composition of the invention may be in the form of a complex of the

recombinant lubricin protein(s) of present invention along with protein or

peptide antigens. The protein and/or peptide antigen will deliver a

stimulatory signal to both B and T lymphegytes. B lymphocytes will

respond to antigen throug]h their surface 15 immunoglobulin receptor. T~
lymphd&#&k Wifilledponadies ditigeluwsbsghvine TeliFrdEessine(PERYycleic acids or
M@%Mﬁéﬁ%@é&%&ﬁﬂ%@ﬁﬁl%&% MidGrarateinse WdGuadd desired effect on or
structurally related proteins including those encoded by class | and class Il

Ry dmasch e ebstlidencdmardersa tBeprbededBcsd phidevadagisispeytie purposes.

lymphocytes. The antigen components could also be sui)é)lied as purified

MHC-peptide comE Bhdh&: WAL EYBBI G NGB QB les that
can dir signal T.cells, Alternatively antibqdies able to. bind surface
e B R T ARG g wsed 10
imbinadlitheniil st btharpuigidonié amhnoaeitbaanabeteriiebinadhvsie tifécally react
harmaceutical composition of the invention. . 76] A pharmaceutical ..
R S e T o B B ive SPGB TRACE ditRodics may be
phodeindofitihe priebent invglietio reis odrimbineldpincad gitioei ioootfregments  thereof as an
ﬁnh%@qaggu.t'fﬁﬂy %&8@%’@%%%35%3&%‘0% h}Hﬁ‘jhc'ﬁlﬁ%%”éScs‘s*lc%ﬁ‘né‘sresidue at the
ipids which exist it aggregated form as micelles, insoluble monolayers,
kgrhdxgrystetsnos,lamelas laygreacdquenbasetutioch Suitalelipidsmper hemocyanin
li mal formulation include, without limitation, monoglycerides, )
(RITE I dor hipcsifing stch peplidts dbe RRASH 1 e R (o example, as in
30andi¢ht likgoPrepdrdiocreodslich dipasomaBiornMiatiehsid withiirothes binding to

level of skill in the.art, as disclosed, for example, in. 1J54235871. .
GETBIHE RS St S o e agens for e
inathn_n@dﬁt«tmiammwt@profdine. Mes&mh.m\@n@mmcmmwﬁmﬂwllbinding to these
?éfgt%%"er%@%‘é”h%f 5‘?§§'%8f1}£‘e Lﬁr‘%ﬁ%ﬁt NYRAUPN '%o%ﬁr%'g&%ti i 98 ciated with
subject (e.g., a mammal) having a con ition to be treated. Protein of the
presemt inventismmaydse, adntivisteasddnt agcordantermitrotheancethetiasé abnormal
nventi it r. | binati [th. other therapies such as
g}e%{l%sgﬁésgg}% o%?ﬁ%%%?%%fﬁ%gﬁig/?n f‘lgdkﬁélgg?\%?&%#gmatopoietic
factorsy gygelbagar;sHABIGMANS VRSN AGRIMINGLATRS WEORBHNiide core of a
more cytokines, lymphokines, other hematopoietic factors, or cell-based _
W@ﬂﬁéﬁ&épm_téinr@fqm m@@@hpﬁwéﬁﬁwdﬁayatﬁ@%mﬂﬂmr@d teithtycoprotein
sipiianequsbotitiniie ARIRCHbAMRNAKISER, CHELRRMAIORRIENR: antibodics

factor(s), thrombolytic or anti-thrombotic 10 factors, or cell-base

sipehebriechtooglseeridgd ecrrabwinistebagiscGuennaly, aHeghtepsiliged form), the
phYRIGR 9&?&%%&@%&%&%@%%&%@%@%&?@3@@%8{ QI a highly

of the present invention in combination with cytokine(s), lymphokine(s), _
strershitestopienie fattohes)raenBYRIBanHidUGH SHY-tRdmBotiePRitibes JToEPAPTT-like
CEHBASECSTHRRIC R pepiial(E) ARITSUARN R6R A EGIRIESEL ame highly
invention used in the 15 pharmaceutical composition or to gractlce.the o
gluened dedhe grasarie inkaritiee aanmauaer-odMahedrmpbgepgrating antibodies to
RN NUIGREEWAYE: SIbER-AZ SIUARROUR o RHP GHIBRE AMSWTBREHERNCR, described by
parenteral or’intravenous injection, or, in some instances, oral ingestion,
iPHEISRISAN fpdical ¥iPlication. Administration to a patient by injection into

joint tissue is generally preferred (Schumacher, 2003). 20[079] When a
Inerapeuticall SRk ORI U1 vl BRI IR Y

adminisfered qrally, protein of the present invention will be jn.the form of :
tablet, LAk S R ol o o A KL BB Afhaood. For intra-
totivy theadhdnisaaduiicat comtpositotaithe inveniiercday additiorallyl cavity at a
contain a solid carrier suc a gelatin ar.an adjuvant..The tablet

T A oS oy o e R G0k Rt PBH el 0.1 —2 ml per
present invention, and preferably from about 25 to 90% protein of the

present invention. When administered in liquid form, a liquid carrier such

as water, petroleum, oils of animal or plant origin such as peanut oil,

mineral oil, soybean oil, or sesame oil, or synthetic oils may be added.

The liquid form of the pharmaceutical composition may further contain
nhveinloaical ealine enlition deviroce aor othar ecaccharide <eoliition or
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form, the pharmaceutical composition contains from about 0.5 to 90% by

weight of 25 protein of the present invention, and preferably from about 1

to 50% protein of the present invention. [80] When a therapeutically

effective amount of protein of the present invention is administered by
intravenous, cutaneous or subcutaneous2injection, protein of the present

5 invention will be in the form of a pyrogen-free, parenterally acceptable

Hyedius sbitimme JréparhtioieeTebivryienteran aconseasationelir00 — 300
SQIORS; R Hg; AL REBEG dmPbiSOIONIRiY e Staliity, NG de: likgeriSrably 18 — 26
within the skill in the art. A preferred pharmaceutical composition for
FrtrgceneRfdeuthRe otRMBPEIBEStRfe ik iHJBRHIPNSHERId BN tiRlUh for parenteral

adeitiendriproteinpf iheiRiesebiRveqiiRm A d8QLoNiGMARIEIR SUCHasntraperitoneal
Sodium 10 Chloride Injection, Ringer's Injection, Dextrose Injection, ]
BERIPAEERHAR SButh ONRSFEd nfsbRti Meattateti RiHe P TafsStioh, G peritoneal,
pthraNabisl®AIkMAWN in the art. The pharmaceutical composition of the
present invention may also contain stabilizers, preservatives, buffers,
antioxigesss, Prepbenediiivesdhawnsterthiegeref alelbifidheyast.re@mbinant lubricin
example, injectign in assaciation with, or in combination with, lidocaine or
B oAl 11 SNSRI YA R A il %a‘?rgpef needle
plaadieinotape hareallenconipassad mathirebythatpieseidt lvendiony. Successful
81] The amount of protein of the present inventjon (igﬁ?élohar ace tigal [ I
it B?QFFerPFE%’i‘t L AUBE I BEAE Up B this' AaaHaiaey A supralatera
spyayibhointoeteondiiapdagiag peatehaarstan thegpatda©bpsiate the most reliable
treatments which the patie;ht Tﬁlﬁfflzo und%ﬁ%%ne. Ultimately, the attiandin.% by i
BFSFSiEilth SRAF QLN SRAL antB UL Pl e A BY Wl h s SR AVAAKYN Wit ™ DY intra-
wiiall 40 thgateachirtividuekpadieodiitisboiibenatie Nebrigiphyesiciain Withe therapy
adr:léinister iow doses of. g.rotei%of the Ilgre.s?nt invention and omrye the
BRRUHORSS BURCRS PLPYBIHEEL Lk HratdiA! SPHE Brelirt HEUEHADHYRe ™
be admjigistered until the optimal therapeutjc effect is obtained for the . .
pationt| O3] ol el SATTULR CRostle b SRS e d et THTARY. Wigcins described
berdmnaptaddohtmatetied viatiod Sopmaoingde titioal ddrmposifibns.useddombinant lubricin
Praglips dhe method of (e present nyention should contain aboy 0.3 19 tissue
0 abou Olélmg prefgré]lgy abduts jlgeio About 10 mg, More preterably
abeub &4 jig todsbowt prmgnofadiateim ofaheapresdet weeantippopaigkgubiadys. To be
weight dependin the method of administration and.the exact
A B L R AR A S e fgr gome enouen
theadsscthse \bb@lngl_tae@bﬂrmhu tt_ﬁemma_sitimh madips)taqdalddimsymmraﬁntact, they will
iespanse eheash ndiidual patient. kis seniemplated inat e Avatan Sibison or
eac fppllcatlon of the protein of the preseni Invention may be In the
maga 061 2edthionr®ohaooiegusinthavienoust admémbirateabric, foam, or gel)
grlém%ﬁh{tf%e%per}g{/% tﬁ)qu%lf: ISQSWS'JI'H 193?03'19&;%{]0}1@%@ PPLAP ré%%%l abrafsion model
uration of intravenous therapy using the pharmaceutical composition o
(Iﬁh_)bﬂwgrﬁtiahehﬁ%ﬁ.. Con{@&]%ﬁ@tscmmpmmn@gﬁmwrg'@gamahmt ceca, and
%ggﬂ%]al%@tgsﬁ(g%tfr%r t%ﬁnced ?1%%'31 m@ﬂ%ﬂ S IQ@WQEJ%%@HXCI did not receive
therapeutic met od mcludes ad Inistering the composition topically,
systoewcally, dristalipasrahmptanhoptiediceiviiema®admihisteredodel in the
%sgﬁ%reagﬂ*&%ﬁ%@ﬁ Réh‘ih%ﬁiéﬂ{ f&%ﬁlbt&b?q'@é!ﬁ{é%‘i’éh'% EMISTnt Uthe absence of
yrogen-free, physiologically accepta Sle form. urther, the composition
thayfoesirabiynbenditetgps thatethorfimjecietidn asvidovuslforpiffstiveliengdoce tissue

Elb%ééfSnEfo‘i’ oﬁ?rﬂag&a%rx%s%&h% ANA%E, ARRIGR ARSI AN MA¥e healing of
be suitable for in some wound healing and tissue repair contexts.

Thelape fssaths usdisiregarewdich mayhiks aptivaalyubeicirs iryUiebein avoided.
the composition as described above, may alternatively or additionally, be
administered simultaneously or sequentially with the composition

comprising recombinant lubricin protein of the invention in the methods of

the invention. Preferably the composition would include a matrix capable

of delivering the protein-containing composition to the site of bone and/or

cartilage damage, possibly capable of providing a 20 structure for the

developing bone and cartilage, and optimally capable of being resorbed

into the body. Such matrices may be formed of materials presently in use
for other imnlanted medical annlicatinne
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[84] If a matrix is used, the choice of matrix material is based on

biocompatibility, biodegradability, mechanical properties, cosmetic

appearance and 25 interface properties. The particular application of the
compositions will define the appropriate formulation. Potential matrices for

the compositions may be biodegradable #nd chemically defined calcium

sulfate, tricalciumphosphate, hydroxyapatite, polylactic acid, polyglycolic

REQYigding potyicatpniasartdnge sybtentinpidiv rrlld age sisHEGRsIEHARY (Schaefer
biclogiealy well-defined, such as bone or dermal collagen. Further

matrices are 30comprised of pure proteins or extracellular matrix

compo|@ss. Ribempaientipibmatiicas areneeliedegresiabieiandnbs and joints prior
chemically defined, such as sintered hydroxapatite, bioglass,

. 27 .
HURRARELIGT BHite? EuRms i aBR inay b Eorssided die dipped or bathed in a
sonMbnadpasefanyiffitheipheve MentionediipaskdomatRiakbzdcth a$S5709020 or

olylactic acid and hydroxyapatite or collagen and tricalciumphosphate. .
%*?gﬁqaéé%mf&%r?né@/“ﬂéd;h%r%efﬁl&?ﬂn6’8§Yﬁ8ﬁf’ ictPgsith vive use of recombinant
tabeitinialproinatesnnbsphate and RIPERENNG loAkerRelaisizeuRasicla PRG4 gene
size, particle 5shape, and biodegradability. [85] In further | ) )
86%%%&%%;@%%}) 1 %Brﬁ?\%boﬂi’tﬁﬁﬁﬂ’ﬁfﬂb&%%‘]ﬁﬂi ﬁ%g%\ﬁfﬁo&ﬁ@f‘ with prosthesis

agreisienehitiahtedikl tieatmemiotithe haseand Wetatdadsietast, prosthesis and
ue in question. These agents include

ound, or tis vari rowth factors
RSP RBHBHRAP P AR s IR et Shoith factor
(PDGF), transforming growt (L GF:Gc TGF-13), and
insulin-like growth factor (Jc?éfgﬁ%é]ﬁrh(gfh%@&%c compositions are

I tl le f ' lications. [ ' .
el e T oS A SRR of ubricn
aspelitanhorsesrie audivbioHemehsiafepdrgeutzoldessirgnrubfector surgical
ARG o A AT R MAIERL O IR PIREIROL Shtsaperitonca

87 aining

present invention. 15[087] The dosage regimen of a protein-containi

pﬁmnméhﬁmdl &ﬁﬁbfb‘s@oﬁh@rﬁé@sw%kmgaregerseamtbrﬁqmiﬁsbeti_c surgery. A
?ncﬁ} iNed pyhEaNeading phY %‘&E@i’ih?%%ﬁlﬁ@ﬁ't”ﬁ ﬁﬂ&%?ﬁ;@ﬁéﬁ?(?é@(é@dﬁt% is opened,

odify the action of the proteins, e.g., amount of tissue weight desir

pedfdhneahecsitaab l wamege( ahehetngition wrdie degniged Wssie el plateau) is
§dl%ﬁtﬁfé%1.""ﬂ{4Q@u%@?o?fa%%m&%%%%r(ﬁl&mﬁﬁﬁ%ﬂ?s%l?&%?é@;féﬁ& this group is

patient's age, sex, and diet, 20 the severity of any infection, time o

semiidsaditibrmaApesiied: dinfeaiFfactoneitetvtnde medidlanemigptieal ligament is
E¥:H%&%éﬁ%§ﬁ1&ﬁ%%"iﬁ”&é%h‘?ﬁ9&%ﬁ“&ml@%H{EPﬂ{&lﬁ%&“@mﬁ?fln both sham and

proteins in the pharmaceutical composition. For example, the addition of
SINBY lanomval g ribw e ifd ctapsulsud agharangmsulivy dikerd rosdadesed) separately and

the foal ROBRREItiRN.pRRY.AISA GHRAEXICHIONRIS- OGRS GaRBR e (Abbott, North

monitored by periodic assessment of tissue/bone 25 growth and/or repair,

fehigagimple; Rurayendipiine dHIRBRIaH R d st én & alsenas depenirn-upon-Hull,
'@R‘?'i@%minii@?&i glgl_ymhgggi_gggrg{i@pypresent invention can also be

used for gene therapy. Such polynucleotides can be introduced either in

vivo Orm’)/qu{iéB&ﬁﬁUﬁaﬁ@rﬁbﬁkﬁﬁs‘ﬂép@rﬁtﬂﬁjeﬁ%@ﬁmﬁlm@m{nw- intra-articular

Polynucleotides of the invention mﬁy‘a so be administered 30 by other o
KHEGHP Pnatied 2 foPinirgaaciradlisr Tolaeioatialint 4 caicsrlBfgamemknee joint are
daslisingeavshowdimiRNOBuipete AmiehyiravarassRY HpksithMNAministered on

a weekly basis. Animals are sacrificed by carbon dioxide at 4 weeks post-operatively and

at 8 weeks post-operatively.

[098] In order to assess the progression and severity of osteoarthritis, intact knee

joints are placed into 4% paraformaldehyde for 24 hours, then decalcified in
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[089] Cells may also be cultured ex vivo in the presence of nucleic acids
or proteins of the present invention in order to proliferate or to produce a
desired effect on or activity in such cells. Treated cells can then be
introduced in vivo for therapeutic purposes. EXAMPLE 6: ANTI-LUBRICIN
ANTIBODIES 5[090] Recombinant lubricn protein of the invention may
also be used to immunize animals to obtain polyclonal and monoclonal

ERtibomey vindryspdidnasifpretive dapsthe! préfteioembdded in paraffin and 6-pum
ainnadiness Egtaaa@uetm%rﬁfﬁ@@ﬁtiétﬁ%ﬁhant’ﬂ@fafé%énﬁm@@dqm Neranin O-fast

using either complete recombinant lubricin protein or fragments thereof as .
St SIS dTHe NepBu B RS By eReha tisitiSHYIySHH&yAcBIdification of a semi-
a&iﬁﬁifh@i%%i&ﬂﬁlgtsg‘s‘%‘eﬁp(%w&@f mINug ANGh IFRIGPNINGaIRG AR artilage; "0.5"
hagtten such as keyhole limpet hemocyanin (KLH). Methods for

Syifthesizitn)élih Beptihestasuctswnrrtessart (for ruslisredarticular surface and

Medrifiedeiihaeds.and Kratenansly &wh (4 8 ladMeneeiraslentibadieshe superficial

binding to recombinant lubricin protein of the invention may be useful
taeuticoRfels rof tHEARsHIBAetectio M B efated protemBloNgitrai#ing0 %): and
ngoRogloBRl ardibpries INAACACIRRAR P 4Bt REOHEING MaYsAIRAPBone) are not

useful thera@eutics for both conditions associated with lubricin or, in som

e
edsBur i thieReAeht of sevadriamel dhedAtir WAtk HBibmiatpau, medial femoral

eSRIORS AR &hIUBBRIN PMAYaRE nMolvRd(e BmbsyamdomAste scol8d] dBparately. A
addition to antibodies which are directed to the polypeptide core of a

FREBPR A danlErSpEReFe sA Adbuulr GinbersYetd K05 5gaR SoRfolP B toScores are
PHEORT QL the 2Ra8AMIEKI HOIBERMBHIAMb AN i6IR 40181 ALISOESIKRARadA histologic
order to generate antibodies which bind tg glycosylated recombinant o

RBHIn KB WA oG SRS RUE AT AALSHE NGB SRR BrRMEARbAY the Joint on

giveopieRlidgicthe-asnnBracit seepsnce PhiwhiethspaTsaaaygRl¥nables assessment of
glycosylated portion of the recombinant lubricin, e,(I:J., a r(}petitive.

REPABPTIRECBE G Nt 2 kP iATE B ER R edrilgze i ectadlindth, Qi like lesions
lengtbomithin, th@ogame highly 25 glycosylated region, are also used as
immunogens. Methods of generating antibodies to highly glycosylated
biomol§a98é¢s Refdtienves:inlthElahfors exampdoas daseimieRibym. 44: 1455-65; (2)

h l.. 1980). EX PLE 7: RE M ANT. LUBRICIN . L
Bt Ry 1500 Mo T s o e oty S ol Eigin Purification,

lbattimar @wesed 3F disprtliar @Rariod Bo@d 200Gtk 01, eedmbinast HbaicinCare 19:

is deliv to the synovi vj a concentration in the range af_.20 -

B R o A GBS o A Ry (9 Glasson

exaim 04, mlrofraise Roapin 0t 1RBAIGH &t @ cahddbératienabf 2003, 3Q0 Gynecologic
/m1 is inject éﬂ,éintoa ee joint using,a fine (e.q., 1430 gauge, ...

Sheering o oy ol el R RS TESTa o e . 2002,

Asausedld For2Paiiteddl tynieisivadionalku2008s eeaouSel! Genet. 90: 291-297,

bcutaneous, intramusc or intrapgritoneal 5administration,.and, in
B oGNS R B LR BF ol Bomohells RV, o 2002
Gilptecwrajugate (0B RIABe8Adetfe Olar&ratasseyiticadlfon 38 efidaty af. 211: 10—

R B e e b e L R at.. 1993
thielage of UMiiasoentthtechdolbgy. BeegessfulPressner et al. (eds.): Elsevier Science
Publishers, pp. 45-53; (14) Merrifield, 1963, J. Amer. Chem. Soc. 85: 2149-54; (15)
Morawietz et al., 2003, Virchows Arch. 443: 57-66; (16) Rees et al., 2002, Matrix Biology
21: 593-602; (17) Schneerson et al., 1980, J. Exp. Med. 152: 361-76; (18) Scopes, 1994,

Protein Purification: Principles and Practice (3rd edition), Springer Verlag; (19) Schaefer

et al., 2004, Biorheology 41: 503 — 508; (20) Schumacher, 2003, Arthritis & Rheumatism



10 injections are more common after successful aspiration of fluid is
obtained. A supralateral approach into the suprapatellar pouch has been
suggested to provide the most reliable access to knee joint space. In
addition to administering recombinant lubricin by intraarticular injection,
nucleic acids encoding recombinant lubriéin (e.g., in gene therapy
applications) ma)f be administered to a synovial cavity by intra-articular

edilen295{8duilpbispraviihedguryics aFoWs?iéér?éedn%ﬁﬁah?‘k 247-50; (22)
WkJicins: desqubgd dyereimare agninistesednn (e foronef gel.foaay fbgh. Ther. 21:
or fabric. A recombinant lubricin formulated in such a manner is placed
dveP=id between damaged or exposed tissue interfaces in order to
prevent adhesion formation between apposing surfaces. To be effective,
the gel or film must remain in place and prevent tissue contact for a long
enough 20 time so that when the gel finally disperses and the tissues do
come into contact, they will no longer have a tendency to adhere.
Recombinant lubricin formulated for inhibition or prevention of adhesion
formation (e.g., in the form of a membrane, fabric, foam, or gel) are
evaluated for prevention of post-surgical adhesions in a rat cecal abrasion
model (Goldberg et al., 1993). Compositions are placed around surgically
abraded rat ceca, and 25 compared to non-treated controls (animals
whose ceca were abraded but did not receive any treatment). A reduction
in the amount of adhesion formation in the rat model in the presence of
recombinant lubricin formulation compared to the amount in the absence
of the formulation indicates that the formulation is clinically effective to
reduce tissue adhesion formation. In contexts where tissue adhesion is
desired (e.g., where healing of 30cartilage fissures is desired), however,
use of recombinant lubricin may be best avoided. 30 Providing lubrication
to cartilage surfaces impairs cartilage-cartilage integration (Schaefer et al.,
2004). [95] Recombinant lubricins are also used to coat artificial limbs
and joints prior to implantation into a mammal. For example, such devices
may be dipped or bathed in a 5 solution of a recombinant lubricin, e.g.,
following methods described in U55709020 or US 5702456. Care should
be exercised, however, in the in vivo use of recombinant lubricin in
providing lubrication near a prostheses. A marked upregulation in PRG4
gene expression (i.e., MSF gene expression) has been reported to be
associated with prosthesis loosening; lubricin could disturb the tight
interaction between bone and prosthesis and 10thereby contribute to
prosthesis loosening (Morawietz et al., 2003). EXAMPLE 8. OA MODEL
[96] In order to assess the efficacy of intra-articular administration of
lubricin preparations, a murine model of osteoarthritis/cartilage erosion is
prepared. For surgical induction of osteoarthritis, mice are anesthetized
with 250 mg/kg intraperitoneal 15 tribromoethanol (SIGMA(r) Chemical),
and knees are prepared for aseptic surgery. A longitudinal incision medial
to the patellar ligament is made, the joint capsule is opened, and the
meniscotibial ligament (anchoring the medial meniscus to the tibial
plateau) is identified. In a subset of animals, no further manipulation is
performed, and this group is considered sham operated. In the
experimental group the medial meniscotibial ligament is 20 transected
resulting in destabilization of the medial meniscus (DMM). In both sham
and DMM animals, the joint capsule and subcutaneous layer are sutured
closed separately and the skin is closed by application of NEXABAND(r)
S/C tissue adhesive (Abbott, North Chicago, IL). Buprenorphine
(BUPRENEXCI; Reckitt & Coleman, Kingston-upon-Hull, UK) is
administered pre- and post-operatively. 25[097] Recombinant lubricin
preparations are administered by intra-articular injection using a 30 gauge
needle. Injections of 5-10 microliters per knee joint are administered one
week post surgery. Additional injections are optionally administered on a
weekly basis. Animals are sacrificed by carbon dioxide at 4 weeks
post-operatively and at 8 weeks post-operatively.



31 EDTA/polyvinylpyrrolidone for five days. Joints are embedded in

paraffin and 6-gm frontal sections obtained through the entire joint. Slides
are stained with Safranin O-fast green and graded at 70-gm intervals
through the joint using a modification of a semi-quantitative scoring
system (Chambers et al., 2001) in which "0" = normal cartilage; "0.5" Mg SLLP
loss of Safranin O without structural chadges; "1" = roughened articular
surface and small fibrillations; "2" = fibrillation down to the layer

immediately below the superficial Ia%f%%ome loss of surface lamina;

"3" = mild (< Oolg); "5" = moderate 20-800%); d"6'=s Oq)#OSS

of nor}-'calcifé’&l1 aliedyRroddip g 13411%5 é)lgﬁ%p%iﬁéﬁ?%@]@?éa tre

of thig,model_ All guadrants of the jojnt (medial tibial pl u, medial

femoral 10 &%@%%t'e gté)%ilﬁgrll:f pjl‘gbgéﬁ?zﬂ%qra%erléﬁ %Seargr?(?}g %%)r%&e%-grg)'(}al_
scored sepataiipcA minimum of 12 levels are scored by blinded

observers for each knee joint. Scores are expressed as the maximum

histol8gic scéredmposiimeaomjvisingratiecsipeuticd ltistdtotjic swopest The protein
summed scorg represents the additi r adrant of the

joint on each’ é g%zficlznsae %}%rrﬁ%%%\{ggﬁﬁti%c]%%lé%ﬁfﬁ?és&rﬁge%hod of analysis
enablgs ass 1 i les

cartiage afton o o T e A G o8yt
Referénces: Thy Champisitiowtod] cl200 8, Adtrfis Fisetampoattionss.fsngplated for
Deutscher, %%fe% Mgthods in Enzymology, Vol. 182: Guide to Protein
Purification, A a&emic Press; (3) Espallargues and Pons, 2003, Ina J.

Tech. Asses3heleamtipGiiensf:cRoml, Sherainthermaarpesitien oggapsulated.
Biochem. Biophys. Res. Comm. 254: 535-41; (5) Glasson et al., 2004, )
Arthritls Rheliht, sompssitiosso{e)ainlfbarepeiaith somnpsitihacensgrsulated in
Surgery and Adhesion.Breyantion; \illeyskigs, pp. 191-204; (7) Hills,

2002, J. Rheumatology 29: 200-01; (8) Ikegawa et al., 2000, Cytogenet.

Cell Genet. 90: 291-297; (9) Jay et al,, 2001, J. Orthopaedic Research 19: .
677-8%; (10) B SRR oL doRbIfRtRe AR HR g7 HAE, (pprises a
Krstenansky jgtall ank9&étiEEBS Lett. 211: 10- 16; (12) Marcelino et al.,

1999, Nature Genetics 23: 319-322; (13) Merberg et al., 1993, Biology of

Vitronectins gnd their Receptors, Pressner et al., (eds.): Elsevi égience .
Publis%’ers, p .%@g?o&%?%%éﬁlﬁé%,%é@?ﬁﬁ&}}necr? em. %rlé gl comprises a
2149-54; (15)vdiawietz et al., 2003, Virchows Arch. 443: 57-66; (16)

Rees et al., 2002, Matrix Biology 30 21: 593-602; (17) Schneerson et al.,

1980’.]1(?.)('3' dc‘;‘ggé’%%_‘?e% él]a %C%%ﬂlgtﬁé’cg Sgri‘ti%Hrfﬁﬁﬂgpgémprises a

Principles and Practi ition), Springer Verlag; (19) Schaefer et al.,
2004, Biorheblogheking03 - 508; (20) Schumacher, 2003, Arthritis &
Rheumatism 32 49: 413-20; (21) Tatusova and Madden, 1999, FEMS

Microbygl Lettrple/dsRAdsRdn(82L MR Shaleid 8R8:(alitasitioar fdthier comprises a
410-23; and (23) Wobig et al., 1999, Clio. Ther. 21: 1549-62. M CS LLP
33 CLAIMS thpmReidiedastetein comprising the polypeptide of SEQ ID

NO: 7. 2. The protein of claim 1, wherein the protein is O-linked with
B-(1-3)45al- The composition of claim 3, wherein the composition further comprises an

antithrombolytic factor.

13.  The composition of claim 3, wherein the composition further comprises an

anti-inflammatory agent.

14.  The composition of claim 3, wherein the composition further comprises an

antibiotic.



GalNac. 3. A composition comprising a therapeutically effective amount of

a protein of claim 2 in a pharmaceutically acceptable carrier. 4. The
composition of claim 3, additionally comprising hyaluronan or hylan. 5.

The composition of claim 3, wherein the composition is formulated fory; g 1 p
injection. 6. The composition of claim 3, wherein the composition is
encapsulated. 7. The composition of cim 6, wherein the composition is
enca ulat in an implantable drug delivery matrix. 8. The osition of
claim3: ol SPEIPR B PO RogS BB AR RER e 2
The composgttmth)ff@éa}m 3, wherein the composition further comprises a
cytokine. 10. The composition of claim 3, wherein the composition further
comprises a lymphokine. 11. The composition of claim 3, wherein the
composition further comprises a thrombolytic factor. 12. The composition

of claim 3, wherein the composition further comprises an antithrombolytic
factor. 13. The composition of claim 3, wherein the composition further
comprises an anti-inflammatory agent. 14. The composition of claim 3,
wherein the composition further comprises an antibiotic. 34 15.The
composition of claim 3, wherein the composition further comprises a

growth factor.






