WO 01/ 77303 PCT/ USO01/11713 HUVAN OVARI AN MESOTHELI AL CELLS AND METHODS OF
| SOLATI ON AND USES THEREOF TECHNI CAL FI ELD This invention is in the field
of devel oRiEfia4030i ol ogy and cel |l biology. 5 Specifically,pdfiiifMsntion
relates to a popul ation of ovarian nmesothelial cells that are capable of
differentiating into ovarian surface epithelial cells and granul osa cells,
met hods  OHUMANOVARIAN MESOTHEDESD ((RILLSIANB METHOBS OF ESOEZATION Of
ovarian nesothelial cells, and ANBYSES THEROE an nesothelial cells. 10
BACKGROUND ART Ovarian cancer is one of the npost common causes of death due
to cancer in wonen. Boring CC et. al. CA-Cancer J. din. 41,19-36,
(1991). In about 80-90% of ovari FECIHEIMCAL FEESPsS, the ovarian surface
epitheliumis thought to be the fissue sour i'n which the cancerous
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mesot hel i [ nadal ridge. Mesothelial cells stromalize,
m grate iﬁgsels§g{ﬂf3)vgﬁ%§%\?§gl§%lﬁg%%gbecone granul osa cells. G anul osa cells,
one of the major endocrine cell types in the ovary, first appear in a
prinordial follicle as a single |layer of cells surrounding an oocyte
dur g prenatal life. As each fﬂBAhquQMTaCU ve, the oocyte begins to
enlarge 10 S ERadfie LA bASGE B koS Qb Ll ¥ fem ARI6EARE: I wANERe"
and secrete estrogen. the follicle matures, granul osa cells stop
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the ovarian surface epitheliumas the source Of cancerous grow
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refined. The identification, 1
Anticancer Research 10: 1233-1240, (1990). The OSE cells are thought to be derived from

mesothelial cells covering the gonadal ridge. Mesothelial cells stromalize, migrate inside

20 the ovary, and become granulosa cells. Granulosa cells, one of the major endocrine cell
types in the ovary, first appear in a primordial follicle as a single layer of cells surrounding
an oocyte during prenatal life. As each follicle becomes active, the oocyte begins to enlarge
in size and granulosa cells begin to divide, increase in number, and secrete estrogen. As
the follicle matures, granulosa cells stop dividing and the follicle is erupted to the oocyte in

25 a process known as ovulation. After ovulation, the granulosa cells then differentiate into
luteal cells of the developing corpus luteum from which progesterone is secreted.

The lack of hurﬁan ovary tissue models makes efforts to confirm the ovarian surface
epithelium as the source of cancerous growth difficult. Further, there is a lack of
understanding about the development of ovarian surface epithelial cell during oogenesis

30 and follicle formation because culturing conditions in which the OSE cells can be isolated

and still retain their original characteristics are still being refined. The identification,
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WO 01/ 77303 PCT/USO01/ 11713 isolation, and characterization of an ovarian
precursor cell that can reliably differentiate into nmultiple types of

cells, sugtp @g788E cel ls and granul osa cells, may be i nporgc@angsoiarihe
under st andi ng of the biology of ovarian cells and why cancerous
transformati ons occur like 1in ovarian cancer and perhaps how the

t r ansf or na¢latiors and chdrectprizatientof dn otlovarvpeequrddn eeldb thaw ean whalply differsidiateel | s,

li ke many. precuyrsor cells, are few.p..n nunber and difficult to isalate.
Once i SOY§°£PHW%WP%9%EB&&P ps Qafreglisand %Imq?mell_sat%aychﬂ mRogaRign il
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there are precursors to granul osa cells and |'s, however, the work
acconpl i sihexyatian eracer and perhaps hawdbe ©BEfgulationseat hprraendntsla Havedves thaut not a
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gr anul osacetiglblitndtra dodlibér sreb@yer talbsth thpevficepar ted. Piquette G N. and Ti ms
B.G In Vitro Cell., Dev.Biol.26: 471-481, (1990). However, the OSE cells
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Tel idr E. OSE cels andigramdpsaowt]ls EerabbitSive @to b repd868) Piq@ettee®.N. @aé Timins

related t arj.an ul gs t |1 nstrate t anul.osa cells,
not oocyt SG?\fﬁﬁ}é{%? ﬁ‘gf@@e\gﬁtﬁ@ %ﬂ'?@l’ Sf?glggs 0}3’8}’?&&’?%“&%@{%&}?@ Yand

t her ef or ediffafentiied and RfsTofe! AaRe sthllhg ev@Sdelated HURRPTSE aéwloﬁfnmip&t hesi s
that granul osa cells arise froma popul ati on of stem cells. avranos T.C.,

et. al. Biasly capeerpusirangfosmation during303E dedlopmed djfficdheSoma eesedrch hrogegss i n
i . f et al t .adult,
ovari oo TSR HeolBnd SRR IR E Ne bR utloa B0, T BB

pr eg0nmabl glofd peechisahasf grarulovatcyllaindnbise 9 aBilRk baéh delerfiindien behkanlliin adul ts.
To this end, fetal epitheljal cells froma rsgi on of the ovary called rete

ovarii hatrEnbrEéesboaybl¥e) hased ot tachrigee elapdors reclygmoperse HapdRtian apditheng
pluri pot e of an X-linked alloenzyme variant of phosphoglycerate kinase-1 (PGK-1), a variant of

a glycolytic enzyme. Telfer E. et. al. J. Reprod. Fert. 84,105-110, (1988). Other research
related to ovarian granulosa stem cells demonstrate that granulosa cells, not oocytes, are the
25 source of telomerase activity in the ovary and therefore, as the authors state, their results
supports their hypothesis that granulosa cells arise from a population of stem cells.
Lavranos T.C,, et. al. Biol. of Reproduction 61, 358-366, (1999). One line of thought in
ovarian precursor cell research advocates the use of fetal, not adult, ovaries as a source of
cells because precursor cells in fetus would presumably have higher activity and be greater
30 in number than in adults. To this end, fetal epithelial cells from a region of the ovary called

rete ovarii have been described but these cells are not described as having pluripotent



2 WD 01/ 77303 PCT/US01/11713 capacity to differentiate into any other
types of ovarian nesothelial cells. Dubeau et. al. Anticancer Research 10:
1233- 1240wo(ch@98)3. Accordingly, there exists a need for maidiags1hor3
identify, isolate, culture, and characterize ovarian nesothelial cells
that have pluripotent capabilities. The invention 5 described herein

over conescapaeity tofdiff¢rentidte méorany dibretypshafravetian mgsothelihl a¢ltso ubewn des!.

rel at ed agvant a . Dl [ | NVENTI ON This invention is rel ated
to the fi @W%ﬁ%“fﬁ%ﬁﬁgsﬁﬁg@ @gﬁ’) biology. In one 10 aspect, the

i nvention rel ahesordifgh, fRRIE:ats @ Red fob HREGARtd RlchiifyPIsbRtd) ¢iRRe Al | an
nmesot helial cells that have the pluripotent capability to differentiate

i nt o ovar$harackize grarianappsotlsliabeells shat davgplugipetant copabilives. sThelinveation her
aspegt of 1S, 4 L,on N ion relates 10 t.hods .0f isol.gting a
ngu ati o%ésg#&sd L}%}sl%?\)#‘%g?m%%ﬁ}rl}éxﬁ%% or%n\}gr%tfogﬁa ﬁlé%ct%ﬁjé? SaarndcaiﬁolpgoYlﬁﬁst ﬁave

the pl urirditeiddvadtagesapability to differentiate into ovarian surface
epithelial cells and granulosa cells. In yet another aspect of this

i nvention, the invention relates to nethods of nmmintaining a population of
substantially pure human O%@Mm{@'mﬁﬁd@t have the

pluri potent capability to surface epithelial
cells and granThie&eventied sselated toshefield of deyetopntantdl und ogll bibkgs. Dvefid an

mesqt helial cells sugh that the cells retain .20 their pluripotent
capafi t y. aPretsthe fvegien FFé?teSa@;?eI&Pu@f“OPﬁ%%‘ﬁ%SWE Y Bye bimeniongiad i on rel ates

to net ho%efl{}helﬂ[ Qs thA Ghade BLYigFHotnt kgﬁr@ﬁ%%diﬁfgfkﬁgﬁﬁ éfé'l]%eo%aﬂgn Shrface

subst anti al pure popul ation ot “ovari sot |'s as an
i mrunogenepithalialtcelld amhgramdosaasflect of this invention, the invention relates

to net hods of 25 neratin human ovarjan tissue .nodel by i.ntyoducing a
substantially %‘L?ng‘ﬁﬁﬁmeﬁttﬁ%éﬁsétfvenﬂﬁ%ﬁﬁe Bygtonreies 4e H@F}P"zgg otgpfagng Ato a

non- humanp o ikRieR o SibstREa Y fike hubindNaHidihediRgial cdfs thetihavd fﬁ%%gﬁ%ntt he

invention relates to nmethods of providing cell therapy whereby

subd#f ant i eapebiliblioalifiensutiate inde ovdriamsunfacaspihiebal calsandwhingdpsacells.s ar e

I ntroduced i ntQ a, heteraol ogous..tecipient  in a l.ocation which. c support
the proli ferat]i%c?'r?t a%‘&ﬁ%{ﬁ‘ap%%ﬁ%"hs 5veR Og’Wé?Yegho%éﬁl?tgs. tolmetgﬂ%cﬁgr aspect of
thi s i nvembin@fining A@opildesd bOubtah@dESpirOniBieeFiaaimdabMelisli ibs that have

the pluripotent capability to differentiate into ovarian surface epithelial cells and granulosa

=y

cells and maintaining or culturing these ovarian mesothelial cells such that the cells retain
20 their pluripotent capacity.

In still another aspect of this invention, the invention relates to methods of
providing a source of immunogen and the uses of a substantially pure population of ovarian
mesothelial cells as an immunogen.

In still another aspect of this invention, the invention relates to methods of

25 generating a human ovarian tissue model by introducing a substantially pure population of
human ovarian mesothelial cells into a non-human, mammalian recipient.

In another aspect of this invention, the invention relates to methods of providing
cell therapy whereby a substantially pure population of human ovarian mesothelial cells are
introduced into a heterologous recipient in a location which can support the proliferation

30 and growth of the ovarian cells.
In another aspect of this invention, the invention relates to methods of providing a

source of ovarian mesothelial tissue-specific biological components for developing
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source of ovarian nesothelial tissue-specific biological conponents for
devel oping 3 WO 01/ 77303 PCT/US01/ 11713 pharmaceutical drugs wherein a
subst ant i @ld o1/psu3€ popul ati on of human ovari an nesot hel i alpctg@oh 417113 used
as a source of ovarian nesothelial biological conponents in which one or
nore of these ovarian nesothelial biological conponents are the targets of
t he dr ugsphamanceutica dregsrghaieinal supstantiBlyl purapaivheonad heatan @vatidi mesothediat | on,
the invention relates to t hods of provi.ding. source of nucleic acids or
proteins $U° Hi5EEs 39%‘895? BWH@W&eg?lrplﬁlogﬁ%]s‘ioé‘mqnﬁmﬂnﬁ’ °n58pul ati on
of human QYA dfahesERYREALMeMthARI bidldgicall $8HpaTents 36 HeGSrells ITHIE] BUEs @i ds or
proteins and wherein these nucleic acids or proteins are used as one or
nore pri n¥e paing develppertbnt s in a bi oassay or the devel opnent of a bioassay.

10 BRI EF DESCR PTI THE, DRAW NGS The file of .this t ent. cont.ai ns at
Feast: one ar an TR oGtk Toan) appom i s Ratgsdo Sl N peiisBe By
drawi ng( sgouvde df nelefty ¥dste Prétgink Ber H?aésgg daRibpideatiafigkth £hibs@htiaBure
request and paynent of necessary fee, 15 Figure 1A is a m crophotograph
showi ng tmu&nogr(ﬁmaammmnem%epﬂsrﬁa@i@@lr@éaisamm@@f nucleie geids ot i d ‘
ovari an tjissl i I 1 ] t . of human
ovari an @E&?ﬂﬁsggﬁ%@#&sé?a@g Ia%{:OI?%E 8 %o?%ﬁ?%@ﬁ%ﬁéﬁp%%ﬁrgﬁorg g&ﬁ%ﬁ’% Fi gure

1 C is a ¢componphstingbijaksaylvedhedevelopwicht off a biossasy.ovari an nesot helial cells
as a_ nonolayer. , 20 Figure 2 shows the results of an inmunohi stochem cal
anaﬂ9sis wher ei n nonocl onal anti body 5C8 specifically recognizes ovarian
mesothelial cells in hu 1 i Rigitie 2A shows

magni fi cation at 100x a EHBSCRPTIGN Of T §at 400x. Figure 3
shows t he resuThsfilefofdis patennamerinxatdestorst drawinggxefuted ar dodor. IGepixshoél i al

25 cell clusters. .Figure 3A shows.staini of _oyari an sot he i cells for
cyt oker at ’b’i? Wgen% “ﬁig%rfg dsgving IQ'E’SPFﬂVh% Y the 'f"ieﬁtr?r‘fﬁﬁ Wi‘gaflﬁﬁ%PP@ for
cyt oker at jefj§est and Pt oFh&dk@ry R Shows staining of ovarian nesotheli al
cells for cytokeratins 10, 11, "and 18. Figure 3D shows staining of ovarian

mesdbhel i al ceFiguref ok isd mimophotographushowdiE theowtgrewth ofihuganfovaarar i an

g§sot hel i r%leso(%ﬁaelliaf ceflf%rﬁ‘o%\l/ %(r)ﬁ (r)]va%rsl itsshu%l. Iﬁéur(e: ‘ﬂBlis esllﬂ{igr%gﬁot%g}abﬂ (saTl'rl]ovsr/ig(g: ?tgem zed

growth of human ovarian mesothelial cells as cell clusters in a suspension culture. Figure
1C is a microphotograph showing growth of human ovarian mesothelial cells as a
monolayer.

20 Figure 2 shows the results of an immunohistochemical analysis wherein monoclonal
antibody 5C8 specifically recognizes ovarian mesothelial cells in human fetal ovarian
tissue. Figure 2A shows rhagniﬁcation at 100x and Figure 2B shows magnification at
400x.

Figure 3 shows the results of an immunoperoxidase staining of ovarian mesothelial

25 cell clusters. Figure 3A shows staining of ovarian mesothelial cells for cytokeratin 19.
Figure 3B shows staining of ovarian mesothelial cells for cytokeratins 13 and 16. Figure
3C shows staining of ovarian mesothelial cells for cytokeratins 10, 11, and 18. Figure 3D
shows staining of ovarian mesothelial cells for vimentin. Figure 3E shows staining of -
ovarian mesothelial cells for ovarian mesothelial cell surface antigen recognized by

30 monoclonal antibody 5C8.

Figure 4 shows the results of a tissue recombination experiment wherein human

ovarian mesothelial cells were recombined with rat urogenital sinus mesenchymal tissue
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30 nonocl onal antibody 5C8. Figure 4 shows the results of a tissue

reconbi nati on experinent wherein human ovarian nesothelial cells were

r econbi negghiihsfsat urogenital sinus nesenchymal tissue 4$MRO1AH1303

PCT/ US01/ 11713 and transplanted into mce. Figures 4A, 4B, and 4C show t he
nor phol ogy of ovarian surface epithelial cells resenbling cystic

struct ur eand trirgplaatel istoauict [Eigures dA] 4B afndid0nrhoohihs heepistogadf @agdhy si

wherein can er ous ef)%ﬁtlgel ial .cell jn ovarian cancer can be detected
(br own, i?’ﬂﬂ acs eRithelp dsesmblipg cyyicsHNFress hy anti-ovary nonocl onal
anti body 5C8. KR tailed
description of the mvenf}\f%(?rg]gqltg@g%:%ﬁgstto al ddlt ggg&ﬁe}l@%ﬂn@[&ﬁq%he art

i n pract i epithgliglvellpn es@men danvewhn be detdtted (lotetva) mdntatebdiagrarmtzxis))spesifmallyi not
be 1 conﬁ a%{ed to I|m the gﬁé{ invention, as nodifications of the
enbodi nents ?g‘éarr?ﬁélécﬁmc H“i’ﬁ/ made by those of ordinary skill in the
art w thout departing fromthe spirit and scope of the present invention.
Throughout this disclosure, various publications, patents, and published

patent specificati ons MODEBRFORGABRRYINGOUA TR INMIEN TN | osure of these
bl i cati ons, t sh ents are .her eb nc ra
ng elr encia in ?@ f(ﬂlgwrm%ﬁ%?ﬁ%ﬂgs?rm p ihepl%%’&’r?fl lﬁp?é(f I Bﬁ%@tl ce

of the prasBebrtinpRBtitiap ﬂrbseﬁﬂﬂﬂv@ﬁfuonu m@&tﬁlédetfe\ﬁérﬁﬂlohﬁﬂbﬂéhgﬁbe
conventional techniques of ‘i nmunol ogy, nol ecul ar bi ol ogy, m crobiology,

cel 10bj ol emptraerto linait gheprasent inppptionyhs madidicatioustoite qrmodsmamts distlosdse art .

ot on (BB o oot YEi e b B ok e st ol

et al. edand scbﬁ&Bﬂﬂl)? présbet ingehtions TioTihB thibl dENGYMel Xebub 'ﬁﬁsld;@ﬁbﬁs Press,
Inc.): PCR 2: A PRACTI CAL APPROACH. (M J. MacPherson, B.D. Hames and G R

Tayl or edgatelztw@éy)lbhﬁ&fi mat%mmﬁems agpsferenagd by ciatior ek closureasORATORY
MANUAL,
Dot i 1 oRse¢ MR Tty R Bl kS SR oy lco b A refienee i 1,

"a" 15"an' thearedhfeltyhm‘totheqmésadbdisﬁlommé references unless the context clearly

di ctates ot her For
)ﬂle practice ofetﬁe {)T;%sent 1nvent10n will employ, unless otherwise indicated,

conventional techniques of immunology, molecular biology, microbiology, cell biology and
recombinant DNA, which are within the skill of the art. See, e.g., Sambrook, et al.
MOLECULAR CLONING: A LABORATORY MANUAL, 2" edition (1989); CURRENT

20 PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel, etal. eds., (1987)); the
series METHODS IN ENZYMOLOGY (Academic Press, Inc.): PCR 2: A PRACTICAL
APPROACH (M.J. MacPherson, B.D. Hames and G.R. Taylor eds. (1995)), Harlow and
Lane, eds. (1988) ANTIBODIES, A LABORATORY MANUAL, and ANIMAL CELL
CULTURE (R.I. Freshney, ed. (1987)).

25
Definitions
As used in the specification and claims, the singular form "a", "an", and "the"
include plural references unless the context clearly dictates otherwise. For example, the
term "a cell" includes a plurality of cells, including mixtures thereof.
30 As used in the specification and claims, the terms “ovarian surface epithelial cells”

and “OSE cells” are interchangeably and refer to “ovarian surface epithelial cells” and

“OSE cells” of human origin.



term"a cell" includes a plurality of cells, including m xtures thereof. 30
As used in the specification and clains, the terns "ovarian surface

epi thel i alygcAlhss and "OSE celIs" are interchangeably ang@i®i,1143
"ovarian surface epithelial cells” and "OSE cells" of human origin.

01/ 77303 PCT/US01/ 11713 "Ovarian nesothelial cells" refers to hunman cells
derived from t?(evamgmd@bﬂjeﬁﬂatelmam&ratdlamn afisdetiteeldrém themedodagn dak | s of

ovari an nature. re speﬁlf'cal ly, O}/ari an_  nesothelial ce 4?21 of this

i nvent i ontVERIFAdICRIP{E: 6%&399@@?1% relsafoyariay nas%r!en&%re RS ¥ariage| | and
the stag emB%dtRélial Cel RS ﬂgleflﬁ(SI{T}e@é}lt{) Yelfi dhGeathe ﬁ&g@'of Brifi'a ?l\égfgthaﬂ:ﬂ surface
5 epithelial cell or a granulosa cell. It Is at thiS stage o el ng

mesot hel i edll adlthe stageipfiorsd bpednning térmiadiydifferentiatedtorm owprine surifaval | y

differentiated .ovarian nesotheligl. cell eg, t.hat the .qvarian .nesot heli al
cel 15 of ety Agrabon gel. i ot iR AT hebs mrerhalial i Sodrtpg

i nvent i ongoh@iniir 8MeRY €Mhinlly Siffetdnfialed BhatRRAdMelPcdIPGpERhA thder
ovarian surface epithelial cells or granulosa cells. 10 "Plfuripotent” and

"mul ti pot evarianamesothskal cells ef thisdnyrmdion yesidaso Tl b ovariandesodfedinl ¢ells af this age
where a cell ca still begoge onﬁ. o{ %Pl ura%)i tey of cells but can no | onger
becone anJoRasp 2 LPorsHt prmuipgent Faactohle hesale sithien vgnL HCe

" Pl uri pot githeligi®dells oPgantloda defikerred to as "stemcells" but rather
"progenitor cells" because they are progenitors to one or nore type of a

pluddlity of céllpgpotem”™asd (imubiphtens ave usqdrintegrbengaablyctirangheutand refeftoras to a

sLa0e of SRS, RRTE el S UL LAGLSPY o fbhy 5 R B G i

di f f er ent iypt eflcéViarth@Bodyeli b snd Bugsr tasp@ed)) HPhgipotat @116 arenod Fdfededtarasace
epithelial cells). Cells which are "pre-determ ned ovarian" are connitted
to becom rigem oAby ibahrathar| grogemites £6Hs Rscause ARy are PERERILRIH 1Q PREPTIRQTR{YRS | v
different} ' cells yet. 20 Different factors cause pre-determnm ned
ovari an Cgﬁ@%a Y%{égl@éril&sdi fferentiating: Non-limting exanples include
expdSure to seAsnyedhopainyffpee-tictepninge svaianiiecfedid natge of Hemetipnient ofpa  hor none

(LAY con el Ll 2485 D9t aseer L L Smr Rl ol L Ly, o
e T a1 m o Oy e e oy g i Ao
ant i -i di otprihelialantls)o diblle svhich ara fiprs;deteragmednivarian’ e compiittedsiorbscorhimgani zed
proteins, o@a@%n cells but have not begun to develop into terminally differentiated ovarian cells yet.
20 Different factors cause pre-determined ovarian cells to begin differentiating. Non-limiting
examples include exposure to serum, exposure to progesterone, estrogen, luteinizing
hormone (LH), contact with surrounding tissue, microenvironment of the cells, and cell-cell
contact with surrounding tissue.
An "antibody" is an immunoglobulin molecule capable of binding an antigen. As
25 used herein, the term encompasses not only intact immunoglobulin molecules, but also
anti-idiotypic antibodies, mutants, fragments, fusion proteins, humanized proteins, and
modifications of the immunoglobulin molecule that comprise an antigen recognition site of
the required speciﬁcity.
The term “antigen” is a molecule which can include one or more epitopes to which
30 an antibody can bind. An antigen is a substance which can have immunogenic properties,

i.e., induce an immune response. Antigens are considered to be a type of immunogen. As



nmodi fications of the imunogl obulin nolecule that conprise an antigen
recognition site of the required specificity. The term"antigen” is a

ol ecul e Wy @y7s@n i nclude one or nore epitopes to which gQ,@dAMHsbody
can bind. An antigen is a substance which can have imunogenic properties,
I.e., induce an i mune response. Antigens are considered to be a type of

i mru nogenuseA&ereﬁh 2 Rirh TR PGiAtdHAdd hinddah full dathtihprosdifis as Well dpoptide
"antigen" |s i ntended to nmean full | ength proteins as wel | as peptide
fragment s ?%@?Pé% CES) P‘é‘itm%rc"%ﬁlﬁ‘lngé’inﬁﬁréﬁ Fity of EP‘(ERP&M ty of epitopes.
The terms Su”rﬂéﬁnﬁé‘t'é&i%é s" Gfd & e?l‘é f%&@mﬁ%eh’%@ uséd ﬁltél’&ﬁlﬂﬁeably

I nt er changeabl y erein and refer to t asna nbrane conponefit s -of

cel | . Thebeeincmp metfento the plasmie mentbrimet ccmmlmnam‘s of i a well.eThdse compbrgt aiclhated
per| her menbr ot eins ro sacch rides, lipids, and
gl yc syI ;a)i’llgfﬁfl‘l’é‘ft H’W We@ral(ag# lﬁ? ﬁa;l “Sl?rﬁ{‘) EemSAﬁ YCOPIQIeUyy al  menbr ane
protein” bcﬁy&c&ﬁa@i&%ﬁiﬁd@%‘d Q&Q&s?lﬁho&ﬁlﬁhdﬁh{o%ﬁéﬁs(@ﬁ Hﬁl?edtﬂ}Ste sPiag, bil ayer
of the plasima menmbr aneé of a cell ypi cal integral menbrane protein
consi sts 'bfltegtal hsadransmeoieintis atrensmnhran@pmmgm’ém exterads ageosethellipgd conpri ses
hydr ophobj 10 residue Per i h tal nmenbrane prot.ei ns.do pot
extena | npiEhaf s BAsRRTRORR S Sl o PRt e PEye PRt coRugs of o

bound to 4theaskBidimBMBrane shamendieoRRACMNEIDBEally RbAIHASES r@arcmhbblc aalih@®hcid
menbr ane proteins. GPl-linked proteins are proteins which are held on the

cel 110 sur rea@ae%ﬁeamher@l menﬁvranemtems ds nohedendsirtd the bydiophobip inderiiriodjlesr . The
term' .m)nﬁ 1dsﬂl%g ?It &%ﬂ%%ﬁje mgﬁl%}a{ﬁle sﬁlfégge gtr&ng{;Ya Qr;[t I1 btor%thon W, sition

15 havi ng geneous an 'S ho

i nt ended 6me1b1ﬁe1|nbfahé @ﬁbtaﬁs Gegﬁﬁldé‘d ﬁr@teﬁﬂ&%.réptdﬁeﬁﬂs wmchfaﬁe R bbﬂfb)teﬂr t he
manner in which it is mad ri doma. or reconbi nant synthesis).

Monocl onafuriase bbééﬁp&taﬂr‘@lm {fﬁniﬁr@éwpm%hplébl 18%rdi rect ed agai nst a single
t t |
reparat | ons. waitRris HohBRbuA B A er RO Bt By BBbsiicn .

di f flér ent h@ngle substantialiy horﬁe@nbmm&smbo@apdspuha:tmc II‘om abt mtrtnndb@dybei lémfded &ct ed

agai nst as |l e _determ ntheatl afi cl onal
ant i bodi e%8 a1 SpEroR of s awf Doy o %@1@@3%@% FsfotlsEanly om0 os,
i.e., indymicdyabindRNGRICAY. MBAIRIM SftioalHRbleHipRy tsBé‘clﬁé’mé tdn%@tedmay

recogni ze antigenic determ nants distinct from each ot her. "I mmunogen”

r ef er s 't oagainst 8 singlecantigenip site. i Inchootrast amconventienal gebmiorel) a@mbody
preparations which typically include different antibodies directed against different

20 determinants (epitopes), each monoclonal antibody is directed against a single determinant
on the antigen.

"A population of monoclonal antibodies” refers to a plurality of heterogeneous
monoclonal antibodies, i.e., individual monoclonal antibodies comprising thie population
may recognize antigenic determinants distinct from each other.

25 “Immunogen” refers to any substance that induces an immune response. A
substance that is an immunogen is described as being “immunogenic”. Induction of
immune response includes but is not limited to activation of humoral responses (e.g.
producing antibodies) or cellular responses (e.g. priming cytotoxic T cells), inflammatory
responses (e.g. recruitment of leukocytes), and secretion of cytokines and lymphokines.

30 The term "heterologous" as applied to a cell used for immunization or
transplantation means that the cell is derived from a genotypically distinct entity from the

recipient. For example, a heterologous cell may be derived from a different species or a
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substance that is an i munogen is described as being "inmmunogenic".

I nduction of inmmune response includes but is not [imted to activation of

hunoral respansss (e.g. produci ng anti bodi es) or cell ul arpdgrasensas (e. g.

primng cytotoxic T cells), inflammtory responses (e.g. recruitnent of

Ieukocyt es), and secretion of cytokines and | ynphokines. 30 The term
“het er ol odjffisecht anlivdgylifen the same spéciesssdhd eipienuAnzaitirpeniotell derived

transplangtation s, that the ce i derived fro genotypjcally
di sti nct W.Wnﬁ%{ NeSEE P lénlliFte OUS I AH P lt‘g% ‘ﬁ%ﬁaé%ﬁﬂ?(j{?&s cel | may
be derivedyitomRudt i éi)é)ﬁ@& tPREIpEt Meafs that¥Be Qéltﬁng&q’s?’ a P%t&iﬁ%{ﬂ&&%t

di fferent 1 ndivi dua m t he sarme species as the recipi ent An “enbryoni c
cel | deri ety fionotire aourice df theaabs thef are beingprttodsed mtchﬁtee‘eaapmgbus to an adult

of the sane spggies.."Heterol ogoys" as .a ent nean that
The poci pi ent | SRERIRY gt Bufhis (aru B ook i bnfh RS RasEtale @i he
cells tha&re%’s&l&%é&rééﬁﬂ@@ﬁ&r@@el]smléblétﬁ@ thEELIR! fRdth the'_%x E%P&Me refers to
ovarian tissues taken out of human fetus. Generally, expl ants are used

as a souraesomplishedrtiyseverel mgthOdSO@m methodhgtoeadesthe pvariantssesgiplant, cither be

acconplish sever ods LS t0o Ia e, th ovarlan | ssue
oot ant . WEpldbs R in (AL bRpesc e PR i B oy o Sells 75 hg
medi a andtoaialuﬁm)t hegrareadut anthesblid tissu nitas e tleymedigr Ahethetietbd idwe sol i d
ti ssue mass into the nedia. Another nethod is to 10 subject the ovarlan

ti sdle t osubinoythetaverian Hesyeito pnzymatis digestiemerdtamachpriea fom?c thetforees celdy |
away fro \f,%e%%?lgbgséﬂdfs&#ﬁe A cell is of "ectodernal”, "endodermal” or

"mesoder na cell is derived, respect i vel y, fromone of the
three ger m | ayareellis efteotbelenalt, Nenduddansl o1 "ésoldb@nal eggid cif theadelldsh enbryo.
The ectodermis the outer |ayer tha produ es the cells_ of he 15

epi der mi sderisd, xeprecHEsly oliemons of the fﬁd@?sm getodeny. the prdodeym,r ﬂ@ehat

pr oduces ﬁ@g'odemrgg e&fb&J‘en{é'&ﬁﬁ%hﬂ?s i BEP el it ABGAGK BeduobopRs. The

m ddl e | ayer, neso gives rise to sever org | nc I ng ut not
I i mlded tqoldaarifs,,an& mlmtrtmyvousssstelkIelTharend@dedmgmﬂmdm)qr la;ceoﬁm&pltodueestthfssues

e. s, ..tendons and t bl ood.cel |. used herein, a
' Subst ant Mgt ﬁﬁrﬁwﬁxﬁm S ORIt BFSOpkptit R 106 Fufdls foet mpesodemy ehvsp
popul at i 0fsdh sefdrhiSork M 1ﬂc§1d%§’lﬁit ndEBmAbA tFiRatt ﬁlaﬁé{} nSRMENGh! A1 gonads),

nesothelial cells, preferably at |east about 90% and even nore preférably
at | east qnmacu%%ms (e, dongmeusclsstgndans Hiandrthe bl@@i ¢ellsul t ure medi unt', and

“culture mediu ed «d- At eabl erns refe e. agueous
i or oenvi r onme uFe Vﬁli 18’0 ts}]ilgstgllt(fa%p%r (%ula-{mno ovartan meso eilgl cellsisa

20 population of cells that is comprised at least about 85% ovarian mesothelial cells,
preferably at least about 90%, and even more preferably at least about 95% or more.

nn

The terms "medium", "cell culture medium", and "culture medium" are used
interchangeably. The terms refer to the aqueous microenvironment in which the
mammalian cells are grown in culture. The medium comprises the physicochemical,

25 nutritional, and hormonal microenvironment.

A "defined medium,"” “basal cell-sustaining medium,” “nutrient medium”, and
“basal nutrient medium” are used interchangeably herein and refer to a medium comprising
nutritional and hormonal requirements necessary for the survival and/or growth of the cells
in culture such that the components of the medium are known. Traditionally, the defined

30 medium has been formulated by the addition of nutritional and growth factors necessary for

growth and/or survival. Typically, the defined medium provides at least one component

from one or more of the following categories: a) all essential amino acids, and usually the
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mammal i an cells are grown in culture. The nedi um conprises the

physi cochem cal, 25 nutritional, and horm)nal m croenvironnent. A "defined
medi um " wWhAagahsBe! | - sustaining medium” "nutrient medi umMpcraindiRgsal
nutrient nmedium are used interchangeably herein and refer to a nedium
conprising nutritional and hornonal requirenents necessary for the
survival pagf Rf offwRntyarRinotabiRls pRls! cystinef by atl Enei gy Soede, hfiallyimthegormpengnt s of
t he medi um are known., Traditionally, the defined 30 medi um has been

f or mul at eeArbghydrase sieiasigdicoss; Chukams endpr aiher ojeavie sompetnsisseqvited st kv f or
growt h an%n?ént?&ffoﬁé v freeTfé%% { %,yandt c%%aqgf eﬂfe%snevﬂ }éq}a% 8}’ %g a?é déﬁan% t One
conponent romone nore” o he  f OW Nng categories | éssen

am no aci akslno@@ﬂlcuben@bhiydstd?ela&réd@ &bﬁﬂﬂ@%erﬂéﬁfé tﬂ‘éﬂé;k lﬁﬁdﬁly @@ﬁrdd a% eéryOf
tvventy a no acids plus c ftlne an energy_source, usyally in the form

of a’ car a%t@tlg%ﬂlsa?é Yglpﬁlefo@&m@ylawmm HBe defapedmestivraimayialsmi
conpounds,, n;gc?oih%ﬂl'!j V\ﬁ %léxﬂé’ﬁte&& i 6AL Bpﬁlb%}%gjeﬂg%lﬁﬁté%ﬂ %}}é{ftﬁ&fo‘ﬁ%m@goun ds or

trace ele trace e enents a as I'norganic C
nat ur al | ycaegouies:i ajgonel oxmeort snitdgahic agmt$,ybj sabth la1yd bfifiers bg cﬁo:aixamtey cdciuey

concentrations, usual n the mcro ran Th ef| d| um may
al so  opt ARSI @agghémlh@ BHclGsides gﬁﬁ My of

the foll I gents; b) salts and
buffers gtsﬂyﬁg%l?ge grr)gélhl‘,ﬁﬁ%aﬁ)cil %:?Oﬁ%aﬁﬁégf‘ﬁen%@iﬁ i S(a)lsphate c) nucl eosi des

and 1Bases suc hAag$edemrelex émpdlapnabmndla’l’ redera nxdcultdnqmedlanﬁgee h@/iptammﬂﬂbj ine; and
d) protei n d ti.ssu sates. 10.As ed herei itioned nedia"
refers to™ Bt G’Pfé%‘gﬁ 51)‘/1 ﬁ%%%?wpnpgertlmc(@ﬁgrowq}m ‘%Iléar]in%r @fs have
been gr oWmciory which Préifble ShdéiuédsutAlvAl, gﬁmﬁeﬂfdanaﬁﬁénmb%@%-eﬁﬁﬁﬁgor s

whi ch pronote the continued survival, growh, and mai ntenance of

pre- exi st $thfg of preadiffersmtiptien off the evasian imesotheliak cellse Conditipags mediantagibeal

cells. i stlttea el | eIIet or
added to % ttb 96%?&@% a%e lllérjlcgraﬁge%qf’ olrlsa §¥8§IS &! E ngﬁséd medi a nmay
al sqsbe ue:eﬂalﬁblwdanaﬁa h@y&mweamemaloﬂ@bfﬂo&nppleﬁﬁnﬁnhﬁéxﬂmddmlﬁgnuseﬂwd
ovarian cells. "Standard incubation conditions" refers to the

physi cochishil e¥riansellst i ons in an i ncubator desi gned for tissue culture in

whi ch | > Ny i t
About 37 degr ey BREThon AR Bhitont B} RIS byl PictiRY ARARACILOT o ¢
Al ti ssumcuhdtmnﬂeelghed:fmitiamukmt 1aohiginesdlis asdysladed. Keenpeilfyptheedndarder

sterile conditjo
%cgbatfon conditions are about 37 degrees Celsius and about 5% CO, content with

20 humidification. All tissue culture techniques and equipment should be performed under
sterile conditions.

9 ¢

“Ovarian mesothelial cell clusters”, “ovarian mesothelial cell spheres”, and
“ovarian cell clusters” are used interchangeably throughout and refers to a mass of a
plurality of ovarian mesothelial cells. Ovarian mesothelial cell clusters can form a three-

25 dimensional structure resembling roughly a sphere.

A “grafting recombinant”, as used herein, refers to the combined unit of ovarian
mesothelial cell clusters placed with mesenchymal tissue . Mesenchymal tissue can be of
ovarian or non-ovarian origin. Mesenchymal tissue can be from a species heterologous to
the graft recipient. Mesenchymal tissue can also be from a species heterologous to the

30 source of ovarian mesothelial cells. Grafting recombinants can be incubated on substrate,

preferably a soft, biological substrate (e.g. agar) for a period ranging from about 1 hour to



"Ovarian nmesothelial cell clusters”, "ovarian nesothelial cell spheres"”,
and "ovarian cell clusters” are used interchangeably throughout and refers
to a massyefoi@733l urality of ovarian nmesothelial cells. Cﬁqﬁ?%?Lqpﬁgthelia
cell clusters can forma three 25 dinensional structure rese I ng roughly
a sphere. A "grafting reconbinant”, as used herein, refers to the conbined
unit of oy@KdEE mérepesfbrblyetictwaln abolits hewrs tP4 BB s, uintl RveesRRC by, Ssue .
Mesenchymal tissue can be of aovarian or non-ovarian origin. Mesenchymal
tissue cafventightwith an isabation neepd obplrybdd bowrs. t he graft reci pient.

Mesenchymal ti ey of LRLRE ource
of ovarian rresfﬁeﬁlg‘rli ’zaialrg u%%f es‘f.gﬁéeg%ﬂ ﬁtéll%?%g%l%sggﬁﬁs canggzﬂ()ltoﬁé%%g?rg%ngn
subst r at eafter plodidds alddwedtosddtt , bi ol ogi cal substrate (e.g. agar) for a

period rangi ng,from about hour t 9. WO 01/ 77303 .PCT/ US01/11713 96
hourg nmore pr e%eé‘ﬂl&l?l“im‘ﬂé‘f nasa‘ﬁsgpe@%&f?%s tp 810 %IWSE?@W%WS@W Wor e

pr ef er abl Laht, i hat.i s ) t. 2 A S
Poerunt , SmnCHSMAotib bl b R BRI AP AMELRCo L bIGR o 2ol 1 ¢ hae
remai ns  @bbélin, Bh@pgldbulial S@uRbibBoktdbs cin indlade Hloligia t@apbsifons, wholesed
herein, refers to biological conpositions found in serum Exanples

i ncl ude, ourartidchaiore pitharmatrally, foand imserum g dejiiesdufrom prasessifigoand handling -

gl obul i n, -gl obulin. Serum bi onol ecul es can i ncl ude bi ol ogi cal
conpositions, whole or partial, that are either naturally found in serum
or derived fromheleafsSshmehalsdr Faaindlign” edfersio vidiin blébdEl &citetirtes Witeghmal s”
or "mamma] i an" refer to warm bl ooded, vertebrates which include but are not
limted tBchdahnikare gpelamitediohumanspics, rats, FbhHs simigas.speth pniglals, andhpetpet s .

| sol ati on and mai nt enance of human ovarian nesothelial cells Ovarian
mesothelial cells of this invention are isolated fromhuman fetal ovarian
15 ti ssuelsoHtivnamd whintéanice bfhuinanlehriaa mabthelialeedls 1 and about week 40,
preferably between about week 8 _and. about week, 30, _ and eve re .
preferably bet @#ﬁ%&iﬁ%‘?}%@@ﬁs £ T ipvarin arw@!@t%f.mmﬂimg?tﬁ oVafip8sye can
be ingent| filgel Phe AEOSITERAATbervibh 56 welRAAHABER wldol ERthip Wi thi n
the fetus. Several features of gross anatony and appearance di stinguishing
a ovary abawetmsahoueveen asdhalpmit swedk BO.candieyen imore prefeadddy betwaen 2Bowt awecky. The

ovar  an ¢ 1 Cenbeneg FRREEs CPBCoiion el bg Ut REd e ST ot AP Binc B um o

t hen appearance, and location within the fetus. Several features of gross anatomy and

appearance distinguishing a ovary are its crescent shape and location in the abdominal

20 cavity. The ovary may also be associated with fallopian tubes. Once identified, fetal
ovarian tissue is first cleaned by washing with basal nutrient medium and then
microdissected. The purposes of microdissection are to remove adjacent tissue to the ovary
and to divide the solid ovarian tissue mass into smaller parts of the whole tissue mass so .
that the basal nutrient media has greater access to ovarian cells within the tissue pieces

25 and/or to separate ovarian cells from ovarian tissue mass. Non-limiting examples of
microdissection include devices that render mechanical shearing forces (i.e. homogenizer,
mortar and pestle, blender, etc.), devices that render cuts or tears (i.e. scalpel, syringes,
forceps, etc.), or ultrasonic devices. Alternatively, another method of microdissecting fetal

- ovarian tissue is the use of enzyme treatment. Various enzyme treatments used to

30 microdissect tissue are well known in the art. One method includes the use of collagenase-

dispase to digest partially sheared ovarian tissue in a buffered medium that will sustain

viability of cells isolated from the ovarian tissue. The amount of enzyme will depend on
10



m crodi ssected. The purposes of mcrodi ssection are to renove adj acent
tissue to the ovary and to divide the solid ovarian tissue mass into

smal | er paigd@E/@303t he whol e tissue nass so that the basal prutwdogai7iped a
has greater access to ovarian cells within the tissue pieces 25 and/or to
separate ovarian cells fromovarian tissue mass. Non-limting exanpl es of
m cr odi sstbeagoof the f¢tusiandleom lmge thh avanianiisspe iedhane clabocﬁheat engynior ces
(i.e. hompgeni zer. rtar est | bl.ender es,.t render
Cuts or reargerivin odlfgr e Mg e Bret i o8 Rifidy. ASoaRR R,

devi ces. Ahigi BREAMNBlYused RIultEBe FBECAD: Dbt Hc P, SEﬁ&hémnﬁcﬂhﬁénts ovarian
tissue is the use of enzyme treatnment. Various enzyme treatnents ‘used to 30
mi cr odi ssuEymEtegimeni mayidrraseaveallicgll yield. a%qcorcm%@lymmé tiearantmaytie use

of cgll age di art | r|a ti

buf  or ed-fen A e oh 2R AGLPEF B pRERscr SRRy B il e
ovari an téussiifing he@iaahaiwah beLs«eld ke e AJH dieme rriquirarin aQaﬂ@@ tRd/ptdBORs '
PCT/ US01/ 11713 the age of the fetus and how | arge the ovarian tissue is.

In one en%ﬂvalmftova@mw@t liab aellveng thqwds:@dri&g@ﬁla%@uw ebliqud Naghlm ovver t he
overall c
reduced o\‘r% r?g%ﬁll us IQ&H‘AHEB %@ gtﬂ?lnéégtotﬁgﬁ é\fﬁﬂﬂéﬁ{ hm%[exg&ﬂéﬁndrﬁe&ﬁ \eﬂ?

i ncrease HuatslF10 (S%Iha)yCMRL 1666, viihimal %sermakmB&utrr(MENESigm@yRBmameed
m.crodi ssection et hods, w de vari

I
basdD cel (Serst Dalherrs M eqla%ale é%W&QE@M@S%@@b PAdINE SMRGEN | qui o
In a rangg (ﬁ QgtM TI\QEM)?TH \r(éid*i on, Wy%ﬂfe‘lﬁ@ l%ﬁ%}qﬁ{eﬂﬂde‘éﬁ Hedl iR fidnf ©

provi de ti ona VO e enzymati c digestion
can occurandNNaHhoer(ili)’iQ)g\/IehaErm e§§ 44n Blatrsts afhd SADONVEREO0) Aﬂahﬂﬁodmm (182@5&) or

Dul bocoo MaSB AT 809 RRGPE £ Ralug i PIRENE o) Greegt e s, REBR, e

Eagl e's '\'Fx‘éwme(d%‘l@canb&oadé@s&d on, any of the basal nutrient nedia
described in"Ham and Wl l ace (1979) Meth. Enz., 58:44, Barnes and Sato

( 1986) Anal . BPweh emces afbvaniastiswe araplacedrin abasl calbdusiibmgmeedis, & va(igly98)

"I ntroducti,onto and T | en Ik n al so
o usod  HESR Srtaio Rl gt Bttt HeSioe ERERE il by Bl et
cel | - sust Haf W1 2Mediam, RPXA-1 @Iy andEMBES 2066: &F drr8éts bptiMbNendRbnd td S
avail abl e for use. Exanples include, but are not |[imted to, Hams F12

medi um RPRMOiGAGiag mps@hRLa el SUrvEEH alﬂd)gr@wslm yaaletycfrwitriongtinay be addsdot e
b
ctaedt oPSEpOEeR € Bpdal il YRan BN sIUA Bus e M Wi & pRbA! OOV S, TEY 08

t 0, 20nsul trimsferrin, epidermal growth factor, a-tocopheral, recombinant human heregulin,

aprotinin, fetal bovine serum, and bovine serum albumin. In a preferred embodiment, the
following amounts of nutrients are used to promote ovarian mesothelial cell survival and
growth: at least about 10 ng/ml insulin and not more than about 1 mg/ml insulin, more
preferably about 10 pg/ml insulin; at least about 1 pg/ml transferrin and not more than

25 about 100 pg/ml transferrin, more preferably about 10 pg/ml transferrin; at least about 1
ng/ml epidermal growth factor and not more than about 1000 ng/ml epidermal growth
factor, more preferably about 50 ng/ml epidermal growth factor; at least about 0.1 pg/ml a-
tocopherol and not more than about 1 mg/ml a-tocopherol, more preferably about 5 pg/ml
a-~tocopherol; at least about 0.1 nM recombinant human heregulin and not more than about

30 100 nM recombinant human heregulin, more preferably about 10 nM recombinant human

heregulin,; at least about 1 pug/ml aprotinin and not more than about 100 pug/ml aprotinin,
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20 transferrin, epidermal growh factor, a-tocopheral, reconbi nant human
heregulin, aprotinin, fetal bovine serum and bovine serumalbumn. In a

pr ef er r edweyaedsozent, the follow ng. amounts of nutrient p@EEsMWsEdst O
pronote ovarian nesothelial cell survival and growh: at |east about 10

ng/mM insulin and not nore than about 1 ng/m insulin, nore preferably
about 10 mbrd prefesdbly aboudt pg@rabipratiitif atleagt #Bout 0ALEbEVine seramcibidiinBLA) t han
25 about 100 g/m transferrin, nore preferably about 10 gg/m transferrin;
at | east mpre Hign#powni0de BSA mpreneierably eBeutZ58 B8 nore than about
1000 ng/ m epi I . . I I . ]
epi der gal gr gwt6 ﬁ&@c?%ow%{a ! f%%g%lgga%%% t%e Q&agﬁtggﬁ?@?ggh‘&ﬁ% lﬂgén hn%l'f3 nor e
t han aboubvatiantissde isplaoed pinemelembodingennrtké evalnynabthetialbglleinigratetaat ofpher ol ;

at | east about 0.1 nM regonbi pant .hu heregul i n and not re than about
30 190 nMEFEYEHAR HHE 1%@&@?@% BRSOy £ HHasked gt e QAT
reconbi n%%sd%hﬁlﬁ}‘?ﬁlﬁ% QUL bk of tRE oV ERRAKisARAH the SHe aiﬂ%&&hﬂ'o@s%&e&ﬁ& or e

t han about 100 g aprotinin, 11 WO 01/77303 PCT/US01/ 11713
pr ef er abl kn abthet embgdinieng pheovanian meaothblad stllathetmigrate Mubafthe evatnutissad bumi n

BSA and not nore ihan.about 50% BSA, , nore, preferably ab % BS
Orar) an nitegoaties nbaifa PR oxRaan fasas haHse Lopra Srsotale R e Fraiodtien i n
whi ch t hegy RMamaabhbliATYRs hfa{ rp,(lg gﬁﬁgx ot BifR&t §M{e§?%ndfrﬂﬁin€ﬁ%ﬁ@@s of

mesothelial cells mgrate ou the ovarian tissue into the nedia in
cl udber forbsiratesthatioeybe usadbocude fibronedtin, tapaining poltagsntedylysihe,cel | s migrate

out of the,ovarian ti,.ssue,in t nedi in.the form.of single cell.s,., In
oot mer - ESETMAR, SR g nblstettoREitRoel' th BFs eRbiifien sPEieE Sptitial no
ovarian t¢gBue growd dhdam@igRbated iswd@ditirg pldies ia\Re praferfod SRtieenPiicdRr €

| oosely associated with the tissue. The ovarian nmesothelial cells may be

grown on eserikadeabove.ybsa prgfasted exphodiments ovagiar mesethelial 6¢lls arg graypsir at es t hat

may be usgd.i.nc £.1.0r i LDd s e ' .
it rocel TR0l bt GREEH e pleMiq iR m AR TbscMURR, ohe e of
ovanpan mhsaisfirl dultlire plates or Adsks greqwopatiohad o thernmaat efbvarias tissue beingr e

plates in the preferred nutrient dia described ahove. In a preferred
enbodi menplaces\ithig the platss Héﬂﬁsqu- égﬁql%edaa@sagrra%&tﬁmm% sPHeesHeOd the ssue

flasks i n)}lﬁgll%r@)ﬁ éﬁ:&ﬁ%ﬁizp j fihﬁ:@heﬂ%ﬁo%aﬁﬁ?ﬁésh@éﬁc?%&%’t in 0 Bssoib %ﬁltrlﬁfe 15 the

ti ssue culture paiqat es o asks are proportion e anount of ovarian
ti ssue beplags opflasked Whenithe ovdreangissiceis fiost pldcad kathin’ths Ipldtéseat fhasks, $wn nmay

dorerm ne L EQLLEtl ALES, Ol PRk o0tk ae, B, SUEBu g, Licre™nt
thezgvari gRay fr&@U4Re bvary tikie RS AR WelidivilllthRBorRé HobS oftiqué hadkdre fufid. At
the point where the media is highly turbid because of the increasing amount of ovarian
mesothelial cells migrating from the ovarian tissue or because of ovarian mesothelial cell
growth, more nutrient media is placed in the plates or flasks to replenish the nutrients.
consumed by the ovarian cells. In the alternative, when the media becomes turbid with
25 increasing amounts of ovarian mesothelial cells, a small amount of cells may be removed
from the culture plates or flasks and checked for cell viability, for example, with trypan
blue staining. Plates or flasks that have been overrun with too many cells will begin to
show decreased cell viability. The skilled artisan may then transfer the contents of the
plates or flasks to other plate or flasks of a larger size (e.g. greater cubic volume) to
30 accommodate the increasing amount of cells. In one embodiment, the entire content of the
plate or flask is transferred to another plate or flask of a larger cubic volume. In another
embodiment, the ovarian cell suspension is split into several parts, each part is placed in a
12
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whehO cul t ur ed Prariananesodielial celfs culinred anhe prafersed ptrieptimedia ndamidntoaieks

Th | t f

M Tove. { oissB8oaRRPHARLAN i buP S iiin AR Byl broBil it fAERRT,
clusters. tld‘s‘hseWiiey entichmedrt of tHegrvatian tbsathigiabedlistih desiret] Lore méthémﬁaﬂmdy a

whi | e ovarla othelial cell clusters associate in_close
proxi mi t yPS/FH °¥ SSGQFT‘%W treafraghido 315?9%%9?@@%%8@1%1@ Sq‘i@wea y
LR

mesot hel i @Jﬂaﬁ@ﬁ bthd Bealﬁrﬂﬂ&o'tﬁbhﬁh@ellml@gtéf r BamPI 6f é&km@?ﬁia@‘%ﬂﬂeo%q{s
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enbadi menisincoHi¢mBie garkentdi Cpapounds thitedn beusides achitecevsepirationmshidbel i al

cell clusters
but are not limited to, serum (i.e. bovine serum albumin or BSA), ovalbumin, nonionic

synthetic polymers of sucrose (i.e. Ficoll ™), colloidal polyvinylpyrrolidone-coated silica
(i.e. Percoll ™), polyvinylpyrrolidone or PVP, and methylcellulose. In a preferred
embodiment, density gradients thét are capable of neutralizing collagenase-dispase are

25 used. One example of such a density gradient is BSA. The amount of BSA used is about
50% volume-to-volume ratio with the preferred nutrient media, more preferably about
25%, more preferably about 10%, more preferably at least about 0.1%, and most
preferably about 1% to 3%. In some cases, one density gradient is sufficient to enrich 'a
population of ovarian mesothelial cells. In other cases, more than one application of a

30 density gradient will be needed. The desired product is a population of substantially pure

ovarian mesothelial cell clusters.
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ovanban nasiidt@ldrathaaabbst 108 ppi@hiransteting mhleqar&afhbtyaaaoat 0o pb/ntlensbfepinf
ovari an nesothellal cells, then the volune of 10 resuspended ovari an

mesot hel i 2ileasefhoyt hring/mleepidsrmal graweh fastps pad nefi mers thg amphls@@ ngénhh. c h t he
preferr ede];}ﬂ I rgﬁmﬂfﬂic?or' ﬁlogegggﬁj:rab!l}pa@oupgg &g/iﬁlee 1&%?@35%&} fact, WP l OW' ng

anount s nts are us rronote viva

subst ant i #douy0 pqrgﬁnba-mbdo@hemhancbﬁot(mt&é tlan abBatol ﬁag!mlad-t&ebh@ol fHord east about
10 ng/mM insulin and _not nore than about 1 insulin, nmore preferably

about 10 Pyeferablyabayt 4:neiml pdecophenels @t leastgbapt n‘?} alVsrespmbinantchuman hesegulior e
t haQOabouénd]lQ)Q & thah 280 190 M recORfbShalf ﬂrﬁé@}?érggxﬁ&xoﬂltorel&e%%ﬂ?} about 10

transferrin
nM recombinant human heregulin; at least about 1 pg/ml aprotinin and not more than about

100 pg/ml aprotinin, more preferably about 5 pg/ml aprotinin; at least about 0.1% bovine
serum albumin (BSA) by volume and not more than about 50% BSA, more preferably
about 0.5% BSA.

25 The frequency of feeding ovarian mesothelial cells may be once a day or every
other day. In one embodiment, ovarian mesothelial cells may be fed by replacing the
entirety of the old nutrient media with new nutrient media. In another embodiment, ovarian
mesothelial cells may be fed with conditioned media in which these cells were grown.
Because the claimed ovarian mesothelial cells are unique to this invention and will secrete

30 factors specific to these cells, the conditioned media derived from the ovarian mesothelial
cells are also unique. In this invention, ovarian mesothelial cells form clusters when grown

in the preferred nutrient media, defined above, in laminin-coated tissue culture flasks.
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pr eber abl isclosed hereln have several defining characteristics. First, the ovarian mesothelial cells

are at a stage that can be described as “pre-determined ovarian”. Of the mesothelial
progenitor cells, some are pre-determined to become ovarian mesothelial cells. It is at this
stage of development that the population of ovarian mesothelial cells claimed herein
resides. The ovarian mesothelial cells of this invention have the capacity to become either

25 ovarian surface epithelial cells and granulosa cells but have not begun to differentiate into
either cell type.

Identification of ovarian mesothelial cells may be accomplished by morphology or
specific markers or a combination of both techniques. Granulosa cells line form the wall of
an ovarian follicle. Morphology of granulosa cells is a cuboidal shape. Markers that can

30 be used to detect ovarian mesothelial cells include but are not limited to cytokeratin (CK) 1,
5,6,7,8,10, 11,13, 15, 16, 18, and 19, anti-ovary monoclonal antibody 5C8, and vimentin
on ovarian mesothelial cell surfaces. Examples of antibodies specific for CK and vimentin
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20 biomolecules. Cell growth of ovarian mesothelial cells may be enhanced by the addition of

one or more proteins found in serum, for example, bovine serum albumin (or BSA).
Ovarian mesothelial cells of this invention have the capacity to be passaged
multiple times in the preferred basal nutrient media disclosed herein. Multipotency is
retained during each passage and at any point after each passage, ovarian mesothelial cells
25 of this invention can differentiate into ovarian surface epithelial cells and granulosa cells.
In addition, at any point after each passage, ovarian mesothelial cells may be used as an
immunogen, for cell therapy, for bioassays, to establish a human ovarian model, or for drug
discovery and/or development as disclosed herein.
Another characteristic of the ovarian mesothelial cells of this invention is the
30 capacity to differentiate into ovarian surface epithelial cells and granulosa cells upon
transplantation under kidney capsule of a recipient mammal. Prior to transplantation,

ovarian mesothelial cells have the capacity to differentiate into granulosa cells or ovary
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clusters of ovarian nmesothelial cells whereas the use of |am nin-coated
plates in conjunction with the preferred nutrient nedia disclosed herein
results iwommoesayers of 15 ovarian nesothelial cells. Oyarienaeast hel i al
cells of this invention may be cultured in serumfree nutrient nedia or
serumcontaining nutrient nedia. As is well-known to those of ordinary
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I mmunogen, for cell therapy, for bioassays, to establish a human ovari an
nodel , or Uses ofiswayiancmesooldiaf cellsd/ or devel opnent as di scl osed herein.
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PCT/ US01/ 11713 . surfa epithelial cells. di scl.osed herein, ovarian
nmesot hel ié’f"t @@Wﬁtﬁwag%a&@ﬁ?@uﬁﬁﬁpwmn ‘@’%’P}%ﬁ“% PHRERR F1ose fhalc| usters
or in ”Dn&hl@)é%ﬁirﬁﬂﬂn&éb%%aﬁ%ﬁbé&ibﬁéh&&‘bﬁ%{émmé%ds. Medtfdig ofnd pl aced

under a kidney capsul e of a recipi'ent menmal. Preferably, human ovarian
nmesdfhel i almiswsirating owariangnespbheidresllnasinwhanogens tow egreralogans neeipmt nghule
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nor phol 0gis sveibbiigaR @&iafbhta:p pitatubeidedhistratidriehidoys niehfbranéedyl RFbs6E lah@ oras €s
of ovarian nesothelial cells 10 Uses as an i nmunogen One use for ovarian

nesot hel i #migistpton. cAgis el ndfbe art GpunynizatioaaR he pitkgr passive or active
immunization. Methods of immunization can occur via different routes which include but

20 are not limited to intraperitoneal injection, intradermal injection, local injection. Subjects
of immunization may include mammals such as mice. The route and schedule of
immunization are generally in keeping with established and conventional techniques for
antibody stimulation and production, for example, injecting immunogen in foot pads of
mice once a week for several weeks. While mice are employed in this embodiment, any

25 mammalian subject including humans or antibody producing cells therefrom can be
manipulated according to the processes of this invention to serve as the basis for production
of mammalian hybridoma cell lines. Typically, mice are inoculated with an immunogenic
amount of the ovarian mesothelial cells and then boosted with similar amounts of the
immunogen. In an alternative, cells grown on non-biological membrane matrix, are

30 surgically implanted intraperitoneally into the host mammal. Lymphoid cells, preferably
spleen lymphoid cells from the mice, are collected a few days after the final boost and a

cell suspension is prepared therefrom for use in the fusion.
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cells isolated and cultured with the nethods di sclosed herein can be used
as an i mmunogen that is adm nistered to a heterol ogous recipient.
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surgically 1nplanted I ntraperitonea intot
cells, przimordlizgd Bsq&llleare dsymplodumeethb mcﬁmdrmalfmtlhmdles ofahesm:g)édtect ed a few

days after th_e fi st and a repared therefromfor
use in thEVFIE IB?L? af?ﬁ?f)@“é@é‘f”@gﬁi’f@f?i &i @ﬁr?ﬁger&‘f‘témﬁ A&par ed

fromthe i er al

somat i ¢ ci%é%‘éﬁﬁ‘?’%’ﬁ??z‘?ﬁ%“ng@? e SRRy 1*“’%5 KPS ERE % 1o7s)

Nat e 25GdipdBmaggassay, enginhé EntnblyoaBﬁwkpr ﬂuochenmmanunoagsang) | n v tro,

18: 377- 381. cludln but not. |lim.ted

X63- Ag8. 653 aA]\éIaii’rh‘g&éa“ trﬂr?ﬂ%e%“r%l‘a‘?lﬁ‘bf’ﬁﬁf P Ok ST {10 YR OF FIHYiPe Bingent er,
San Di egokndsd procedukdSA TheBNorR]dngPshtibbdies thay by dlsdbZ BbinaRe cdlliife hRahique

i nvol ves fusing the nyeloma cells and | ynphoid cells using a fusogen such

as pol yethfgd.‘/efhé g by convengpnyymauseglopulin puikgstionpracedyressiich@s mmmiwki | | ed
i th f

Imral di umean d}lfatﬁm&fnt&tnﬁ ééeilsegééftﬂpgﬁ&g dﬁleﬂ?s@ gﬁro%?aqg%%lﬁg aﬁiﬁ\@aﬁﬁ%’uoﬁfﬂf ,?g

el i @Dnat edeu;[rhdl bUndksired apivignit pfeeéﬂt,Scan be removed, for example, by running the

preparation over adsorbents made of the immunogen attached to a solid phase and eluting
or releasing the desired antibodies off the immunogen.
In this manner, a panel of novel antibodies to cell surface antigen specific to a stage
of ovarian mesothelial cells can be generated using the ovarian mesothelial cells of this
25 invention as an immunogen. Once monoclonal antibodies to cell surface antigens on
ovarian mesothelial cells are made by the method disclosed herein, the antibodies can be
used for several uses. The antibodies may be sequenced and cloned for purposes of
generating recombinant antibodies or humanized antibodies. Other uses of ovarian
mesothelial cell-specific antibodies include, but are not limited to, biological testing and
30 purification (i.e. isolation of ovarian mesothelial cells, for example by flow cytometry or
antibody panning), therapeutic uses (i.e. promoting or arresting cell growth by binding of
antibody to target cell or promoting or arresting growth of a cell mass by binding of
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10 Any of the nedia described herein can be used for culturing hybridomas
that secrete nonoclonal antibodies. As another alternative to the cel
fusion tealydigusys EBY immortalized B cells are used to predugsiiiinhs

nonocl onal anti bodi es of the subject invention. The hybridomas are
expanded and subcl oned, if desired, and supernatants are assayed for
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by the nethod di sclosed herein, the antibodies can be used for several

used0 Theregpanspsidlesedrdyr aramplaindhe senadal region ed impyunpgansuick gs ofarian
generatin i . | L. £S,4.0r ized i | es, ses of
ovari an  HESTRARF LR uRLBRO O bl ARy AR+l BRI ¢ e
to, bi ol oghealt cliebé tetarmained 30a stepwise Eahioann (Whidh inteadifd hrABuAE oPYREaAN

mesot helial cells, for exanple by flow cytometry or _antibody panning),

t her apeut Pesqiedial eslisare wirgapeadiptog hejgrplogpnsigeipiant argd bhgsnbssguent HEMHES of

ant i body : 0, 1] rest mass by
b1 ncli ng” o TLERGR BTt Ouh R 15haRelER; ot itlotin, By

bi oll6gi caprodestions ¥ c€ll peliferdtion,iahepg] iotmamek, ct.h araydbeanomtoral bynomumbaraifi an
cells), clipical diagnosis (i.e, i tificatiqon of cancerous ovarjan cells
inti ssueme@aﬁiﬂne .lngg/rlf%elﬂ&ﬁmt}e%ma@ﬁ%‘%\:ﬂ) Fratemassays Honuairastey wibeell

i mune r e§RRBS fiaklerd ard RELRHOhiINYOkmisEFi Pient. As is well-documented in the
art, foreign substances such as celis ~or organs introduced into a

het er ol ogous recipient may i nduce a variety of inmune responses. The
mmune T egeoNS &S s heBSinbih bl 2 aMeisdofbgct ! on (€. 9. in organ

20 Another use of ovarian mesothelial cells is related to drug discovery. Since the

multipotent pre-determined ovarian mesothelial cell population has not been isolated and
cultured in the disclosed manner, the ovarian mesothelial cell population may secrete
proteins that have not been heretofore discovéred or characterized. Therefore, proteins
secreted by ovarian mesothelial cells may be used as targets for drug development. In one

25 embodiment, drugs can be made to target specific proteins on ovarian mesothelial cells in
vivo. Binding of the drug may promote differentiation of the ovarian mesothelial cells into
ovarian surface epithelial cells or granulosa cells. This approach may be useful when
ovarian surface epithelial cell or granulosa cell neogenesis is desired, for example to
replace damaged cells after cancer therapy (e.g. chemotherapy, radiation therapy, etc.). In

30 another embodiment, drug specific for regulatory proteins of ovarian mesothelial cells may
be used to arrest growth of a particular type of cell, for example in cases of cancer (i.e.

ovarian cancer, uterine cancer, etc.).
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transplantation), T cell activation (e.g. cross-primng), anergy, or

tol erance. The overall imune response can be systemc or |ocalized. In

t he case whpne sysl ocal i zed i nmune 10 response is desired, gaarmuexamse in

t he gonadal region, an i mmunogen such as ovarian nesothelial cells is
introduced into the gonadal region in an effective anmount. Effective
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20 embodiment, ovarian mesothelial cell aggregates are used in a device which contains cells

and limits access from other cells (i.e. Theracyte®) to limit immune system responses.

Uses of ovarian mesothelial cells to make human tissue models

25 Another use for ovarian mesothelial cells is to generate human ovary tissue models
in non-human mammals. A human ovary tissue models can be employed to study multiple
facets of ovary development or ovary carcinogenesis, an important area of ovarian cancer
research. Ovarian mesothelial cell spheres are placed on top of mesenchymal tissue to
form grafting recombinants. To form grafting recombinants, about 1 to 15 ovarian

30 mesothelial cell spheres, more preferably about 5 to 8 spheres, are placed on top of
mesenchymal tissue. The mesenchymal tissue may be either ovarian or non-ovarian tissue

and may be derived from a different species from which ovarian mesothelial cells are
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epithelial cells and granulosa cells. To practice this use, ovarian
mesothelial cells are isolated and cultured in basal nutrient,

nut ri ent - def gieshznedi a usi ng the net hods di scl osed. 10 Ovaidragsoigsas hel i al
cells are grown on lam nin-coated tissue culture flasks to obtain ovarian
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fashion, by first isolating human ovarian nesothelial cells using the

net hods dinskude buiprs nﬁ@ﬁl@n@dg torfaice gadhratn nhynically inigtaft sivgtiorsh dorar tissusdsie from
di fferent ' | ff Sheci . e Q. i's
used as. a"SHEA0E g ok Wine RORECH Tifme 3y b, ToSMy SRAE eiocioh "0 | o
mes@bhel i @thrdqhidssnayTecused.e Oné ntedicelis togaditsihe eéodsiead witns sub-lethal dose of

radiation to destroy immune cells that may attack the graft. Another method is to give the

[t

recipient cyclosporin or other T cell immunosuppressive drugs. With the use of mice as
recipient mammals, a wider variety of methods are possible for alleviating graft rejection.
One such method is the use of an immunodeficient mouse (nude or severe combined

25 immunodeficiency or SCID). In a working example, human ovarian mesothelial cell
spheres are placed on rat urogenital mesenchymal tissue and placed under the kidney
capsule of an immunodeficient mouse. The graft recombinant remains in the recipient for
about 1 to about 52 weeks, preferably about 5 to about 40 weeks, and even more preferably
about 6 to about 8 weeks before the grafts are harvested and analyzed for ovarian

30 mesothelial cell differentiation. In some cases, a small portion of the graft is needed for
analysis. Markers specific for the ovarian surface epithelial cell and granulosa cells
include, but are not limited to, cytokeratins 1, 5, 6, 7, 8, 10, 11, 13, 15, 16, 18, and 19,
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human-specific markers to be used to determne the identity of
differentiated human ovarian cells. The |ikelihood of false positives is
reduced iWoa@tr7sssenchymal tissue is used. 10 Li kew se, theTus®19i713
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transplantation’is to
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efficacy of the tissue model system. Alternatively, markers specific for differentiated

ovarian mesothelial cells are used. Non-limiting examples of these markers are:

cytokeratin-19, vimentin, and monoclonal antibody 5C8. Yet another way to assess the
25 results of ovarian mesothelial cell differentiation is by morphology. Ovarian surface

epithelial cells have the appearance of flat or columnar epithelial cells.

Uses of ovarian mesothelial cells in bioassays

The ovarian mesothelial cells disclosed herein can be used in various bioassays. In
30 one use, the ovarian mesothelial cells are used to determine which biological factors are
required for differentiation. By using the ovarian mesothelial cells in a stepwise fashion in

combination with different biological compounds (such as hormones, specific growth
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stain for the presence of 17(3-hydroxysteroid dehydrogenase (17(3-HSDH) in
ovarian surface epithelial cells (OSE) or delta 5-3(3-hydroxysteroid
dehydr ogewasa/ps@sence in granul osa cells. These nmarkers pgandee1uasd
separately or in conbination with each other. In addition, a conbination
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mesot hel i al s are used to determ ne which biological factors are
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as hornones, specific growh 22 WO CT/US01/ 11713 factors, etc.),
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20 from Advanced Bioscience Research at Alameda county, California. Ovaries were

procured and shipped to the lab in tissue culture medium under wet ice bath. Immediately
upon atrival, the ovaries were cleaned of excess connective tissues, carefully separated
from fallopian tube, and washed five times with fresh tissue culture medium.
The ovaries were minced with scissors or cut into small pieces (less than 1 mm

25 thick) with a razor blade. The tissue pieces from each ovary were plated directly in a T75
flask freshly coated with laminin with 10 ml preferred nutrient medium as disclosed herein.
Further dissociation of the ovaries with collagenase-dispase (0.5%) for 30 minutes at 37 °C
could be done, but the procedure reduced the recovery of ovarian mesothelial cells. The
cells were cultured in F12/DMEM supplemented with 10 pg/ml insulin, 10ug/ml

30 transferrin, 5pg/ml o-tocopherol, 10 nM recombinant human heregulin 1, 50 ng/mi
epidermal growth factor, 5 pg/ml aprotinin, and 2% BSA (by volume) at standard

incubation conditions. Within a week, cells migrated from the explant and proliferated to
23



5 ovarian nesothelial cells are differential display (i.e. nmRNA
differential display) and protein-protein interactions using secreted

prot ei ns wognexari an nesothelial cells. Protein- proteinpdii&oagiiions can
be determ ned with techni ques such as yeast two-hybrid system Proteins
fromovarian nesothelial cells can be used to identify other unknown

pr ot ei ns form cohfleant cell bulturege sThehadturastaethicstage wére comsistadhbothoottiad i al cel | s.

These unkno rotejns .may 10 be. one or nore of the.follow ng: gr h
factors, WS%@E?ESE@Q%%@ ﬁﬁg_ﬁ‘??\%pMe_B‘?{’c %.‘Bf‘loﬁe §mlgr,a§,4§W£V,%{)ﬁlilg| a\é\%ct ors,
and t unor ;g RRAASHEIcthel Bl QABIANNEM UYL oY ATy BIhIBSEAL BehAS 158Ny, and
the protein-protein interaction these cells formand the effects of

pr ot ei n- pFoewiich the ovanearmeseitieligktellscbe caltresragresistaghedifrom thecwrume flaskhow

surrgunding. tissue, .such,as.. mesenchymal. tissue, coptrihutes.to oyarjan
resot el | ARG R D e RS SR i B pest R bt Bgie B
cul t uri ngmedeneNandlRBIEREOIREkIcAIls BRI1EMH tHibRad flddthallbfbélRSn Me AQREAL | onal
age between 17 to 25 weeks were obtained 20 from Advanced Bi osci ence

Resear ch ‘Ble oyasign mesebeahalyelloarierthemseparataddni esstrifagationghiovgh B Asgradienis pped
to the | afoj Roti ' t ] h, |mmedi at
e o SRR RS TRES MRS ne Pl TR LY o Y

separ at edmedenohyrhallcebpivadadpitared aad theratinRlef leRiring'@shthéd mbstBsdvatins sue
cul ture nmedium_ The ovaries were mnced with scissors or cut into small
pi edBs (| wssothglighcellsprhhe pxaniag megothgliphcedls were respipgaded ke eylaugmegivar es

from eachalﬂnﬁ . t | ' -l f ted with
laminin wt X d%ﬁ{ %}L[e%ltoglrf?ée{gld%ﬂfﬂdeﬁ?& ?me@lglsu-l%#élasgnd?i}%{t 558‘[215 i ?ngﬁ)?il. Furt her
di ssoci atvalamey. Thbeuloya meeiduritivial F¢IDMERhagpiethchpaseitf 00 gmifiggulia0 m nut es
at 37 C could be done, but the procedure reduced the recovery of ovarian
mesot hel i Hingéal fransfertia, Speimig-taspphesol t10rd\d reqenbinant weEan berpgilinfht58d wi t h

10 g/m i i 0g/ t ferrin, .5q/ m, az . 10 /M
ecanbi nagh SRS B nbaR Bl iepitf M PSR O Rpme A¥sells 5 g m
apr osi ni ngrearifl sdsFeRS6n tdoludtelsfBiredB)s rap dalstvert PEsPARALE® thi€ Rayl Fdri BBt 4

Wthin a week, cells m'ﬂrated fromthe explant and proliferated to 23 WO
01/ 77303 oCTpassizes- ithprslls giorm iashsncnear celaur weig ghle tosattarh o taisidgs eSthat t hi s

Nboanchy naFiecp enef s Ohidn Apt St SR bRty |6 0th SRSENRHR S ' o
cel | s r eniaitheculiute aledtmn pr whémthe plates wdre coatsd withdxpinant Bofblager th)tures

passage well when the ovarian mesothelial cells are kept in contact with each other.

20

Example 2 Characterization of ovarian mesothelial cell lines

Ovarian mesothelial cells were harvested from suspension cultures. To directly
stain the cells in cluster form, the cell clusters were embedded in optimal cutting
temperature (OCT) compound and frozen on dry ice. Cryosections (5-10 um thick) were

25 cut of the OCT blocks, thaw-mounted onto coverslips, and fixed in 3% paraformaldehyde
 forl hour. A monolayer culture of ovarian mesothelial cells was prepared by plating the
cell clusters from the suspension culture on chamber slides in the presence of 2% BSA.
The monolayer cell cultures were fixed in situ with 3% paraformaldehyde for 1 hour. After
the fixative was washed away with phosphate buffered saline (PBS), the cells were
30 incubated in blocking buffer (5% goat serum and 0.1% Tween 20 in PBS) for 30 minutes,
rinsed with PBS, then incubated in primary antibodies for 1 hour, rinsed with PBS, and

then incubated with anti-mouse Ig-horseradish peroxidase for 1 hour. The markers and
24



To enrich the ovarian nesothelial cells, the cultures were detached from
the culture flask 5 by incubation wth 0.1% col | agenase-di spase for 30

m nut es. Wwaosmsdt nent di ssoci ated the nesenchynmal cell s pditgsosiiimgbe cell s
but left the ovarian nesothelial cells in the clusters. The ovarian

mesot helial cells were then separated by centrifugati on through BSA
gr adi ent sexe(npl@rs srEsali¢snsed wy @vr_av}erfzg rovalan mgsoél@hatrmlssm)e CKal-Qamd antti- ch

t d d t h I
et ni ng oA HERSRERFIOE Buadom S CASRIE rrdBi et i) GIET? aft
mesot hel i @k I(EQinH%nﬁBé@ mws PR !ﬁdﬁﬂsigmat(t&nﬁbdl ngJaﬁ?QFilgﬁie %)dcm A, €K at a
dilution factor_of 1: part cell ensi on: art total ensi on
vol ume) . Thand (i Lﬁ@dq@ﬂibeﬁw}@geﬁ 1§2fr igrea bt r@mﬁ@@apwn(ﬁl

i nsukin, e ant human
heregul Vi 91%“& E&Fﬁn%nﬁlgfé?trﬁr’gf()%l V\#)ﬁ&}? Eé% 250%7 nMI%ap% n{‘ﬁn and 0.5%
BSA ( by v@bmpm)y (ngme 8B), Imdhﬁtlgiveﬂen éplﬁuﬁﬂmmzmnalsamibusy 6C8 (Flfgu@lng 1B).
The cells_were propagat ed this \/\g for about 4 to 5 passages. The cells
grown i n Mospeawdl aptikady rewarmadaby usingoriaadreseielifocls avan mmpmngenp| at e
and grew as ovarian nesothelial cell nonolayer (figure 1 C) when serum was
present in the culture nmedium or when the plates were coated with | am nin.
Monol ayerExamInlaBeMetI@dsﬂ@gﬁndmyasmea of freinomanogen tﬂﬁpmdhbkeinloﬁd)clﬁleiﬂ s are
kepg i n contact vvlt.h each ot her.. .20 anple 2 Characterization of ovarian
Phel i 2tibogdies againgt oves ciothed lial cells were harvested from
suspensi on cul @%ﬁﬁlmé@ﬂfyhap@etungeréfsalafedtaaa cifted ol BistlobR £ charm the cell
clusters were enbedded in optimal cutting enperature (OCT) conpound and
frozen onsubssquicntdy u@dwesemnnmnege(nao p@oduce Ialpake)l O\Kmoaoelﬁnaimntlbcbdlemw@ﬂ’

bl ocks, thaw nmount ersli and f.ixed..in 30/ raf r.mal

D bour. AoRBRRFe kel SR ik B Bt b P RO R Al R P 1, ©
plating t&ls of 6ldrisdlisdoftiefiall de@SpéiiPecky SRAMInRMiLUbA Wab 1&mlﬁéaqﬁtaﬁthe sidtdes in
the presence of 2% BSA. The nonol ayer cell cultures were fixed in situ with

3% par af opadslodeaphduiceoAfter fdnjectionssthe ml@m‘éemub}@tm@be%tbemwédvmy with
phosphat & Qwﬂfl ?fa?gell%a{ﬂhgg tl%%%?)) olf owaﬁargﬁ‘lle%cﬁh%%%?elf rog%%a S’n %Obra ol Bﬁgggg

buffer (5 ogoa Ser um an ween

Wi t h PBS, cdlnenalicelis)iatiatbuse, the mvasey/ waddactificédemdi1gmph nbdlésrweré lhaﬁzesiecwl th PBS,
and then_incubated with anti-nouse | horseradl sh peroxi dase for 1 hour.

The mar kekEnBhesytes epgispared Srom thetyppnodes and fused iypyslopaelilmede es used
to charachghh&s IBtRidoR. THHAUORAE BhreiRldefied B BotHytorn B BB escence-

20 activated cell sorter or FACS) as well as by immunohistochemistry for monoclonal

antibodies that specifically bound to ovarian mesothelial cells. Clonal hybridoma cell lines
were obtained by repeated limiting dilutions. Hybridoma clone 5C8 was a monoclonal
antibody clone that bound to ovarian mesothelial cells. Figure 2 show the results in an
immunohistochemical analysis where monoclonal antibody clone 5C8 specifically

25 recognized ovarian mesothelial cells in fetal human ovaries.

Example 4 Use of ovarian mesothelial cells to generate a human ovarian tissue model

Tissue graft recombinants were made for the purposes of transplantation into a
heterologous recipient either to generate a human ovarian tissue model in a heterologous
30 recipient. To make tissue graft recombinants, ovarian mesothelial cells harvested from
monolayer cultures after 3 passages was placed on top of rat urogenital sinus mesenchymal

tissue. The graft recombinant was cultured on an agar plate for about 24 hours. Then the

25



cytokeratin anti body clone 4.62 from Sigma Chem cal Conpany (Figure 3A), CK
13 and CK 16 and anti body clone 8.12 from Sigma Chem cal Conpany (Figure
3B), CK 1Wo @@%73081, and CK 18 and anti body cl one 8. 13 fromcqigEomyziem cal
Conmpany (Figure 3C), 5 vinentin and anti-vinentin nonocl onal anti body cl one
13.2 from Sigma Chem cal Conpany (Figure 3D), and anti-ovarian epithelial
nmonoc| onagrafimedonduyant 83s (1Rplgnied uBgyr the kidnex tapsule iantdohwine. Tioginglantase by

usi ng ovari an sot hel i al |l s.a N j,mu en. .. ml e 3 Mt hod, of

or ovi di ngP VeGP BV or aRont FnRBE he e I G b R R SRR Hrs R PSeh
agai nst Omgiza@ bIaselbey. IThk reiit Shéwa thatheesaidnahésathetial dedls W dicssdat ed
and cultured as disclosed and then subsequently used as an i nmunogen to

produce astpishEes Giurss dds B and 46} ilhe gpitkelisheslhkining of tejoxarigatiage| | al
Illg. M ' ' ' LN eGL] Il's of
ovar San PR e B B SPlale [R5 aldlhl L MMaAbu AT e dibMIfeul) © D

foot 15 péds4B®fangdCh). m ce. After 5 injections, the mce were bled to check
the titer of ovarian nesothelial cells. When the titer of ovarian

nmesot helial cells rose above 1:1000 (ovarian cell: total cells) in a
mouse, thﬁxﬂé% w@éois%gh]ﬁ %&?&e%@ﬁ?élﬁg:ﬁalsqg%%sﬁge har vest ed.
Lynphocyt fused to nyel ona cel

line to prodByasaghldovaimmmesbihblialdelnef theriavetionas @dmuypogdnsymondobored r y
(flygrescenge 20 activated .cell sorter or FACS) as || as b

{mlflon SEBERERT S BiovRE LBIERATal I BRIt aisetPotand y8tind 10
ovarian neEafohRk Wete &2l S stafd P60 sBHRIE EPHParkg!tssid G a RRR paREsiviad DY
repeated limting dilutions. Hybridoma clone 5C8 was a nonoclonal antibody
cl one t haovdreucanceo Meaotlanalmstibodyed ChshovesdIstronEptgining of cahessouswpitheléall t s in

an inmmunohj stochen cal, anal ysi s re nacl gnal ..ant i.bod | gne ..

Spect 1 cafilly 18 brichs st BaRa SehHialsoh ot tus e wiftd arARibe BpifiEtes
ovaries. &eamBkRnd 508@afbe ex@hdaito MReAbAR] hdposesid Scliiceaghat € a hunman
ovarian tissue nodel Tissue graft reconbinants were nmade for the purposes
of transplantation into a heterol ogous recipient either to generate a
human ovarian tissue nodel in a heterol ogous 30 recipient. To nmake tissue
graft reconbi nants, ovarian nesothelial cells harvested from nonol ayer
cultures after '3 passages was placed on top of rat urogenital sinus
mesenchymal tissue. The graft reconbi nant was cultured on an agar plate
for about 24 hours. Then the 25 WD 01/77303 PCT/US01/ 11713 graft

reconbi nant was i nplanted under the kidney capsule in nude mce. The

i mpl ant was
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all owed to grow for about 2 nonths before the graft reconbi nant tissues
were excised and analyzed by histology. The results showed that the

ovari an nagofivekgzal cells fornmed cystic structures (figurpesg/dddi/ifies and
4C). The epithelial cell lining of the ovarian surface 5 epithelial cells
was a thin sparse layer, loosely attached cells in sone of the cysts
(figures 4A, 4B, and 4C). Exanple 5 @WsAIM$ ovari an surface epithelial
cells in bi oasa%ﬁ. %?( .USI ng t he ovarian nesothelial cells of this invention
as i mrunogens, 583 5?1'10 anti bodi es specific to ovarian nesotheli al
cells such as clone 5C8 were generated. These antibodies were used to
stain frozen sections_of ovarian tissue froma fenale patient with_ ovarian
cancer. Mbnocl &rsabstamiallypuge poslaiosws umen ovyianraesefhediabiells adersinspd

epithelia I b Dy Lent. Wt LAk [ i e t he

ot 17ty orvenShsisbonlia o8 b b bRy B0 BheA G Moy wlfHE | 0

di agnost i epitheliglasior igmnalosh keliscal setting. 26 WO 01/ 77303 PCT/US01/ 11713
CLAIMS What is clained is: 1. A substantially pure popul ation of human
ovarian nesothelial cells wherein said 5 ovarian nesothelial cells have a
pl uri pot esnt capaci.y: ' ' P : .+ helial cell
or granul %]'sa czﬁ%g%x%%ﬁ%gﬁ%@gal%?g%g%grs%t g)l(?%'glFH %ﬁélggggro ?fﬁ%gl{]t o claim1,
wher ei n smkesbtialmi cals mairoteliéh natrienthbdia netainttid pladpotentaapadigrtd medi a retain
the_ pluripatent, capacity to. 10 differentiate into ovary surface epithelial
cel |180I‘ g&gtft?{ﬂnﬁigfélg‘@lqv . %“.rfa?%éplg\?liﬁlic& oFeEEinst fells- cel I's according to
claim1, wherein said ovarian nesothelial cells are identifiable by the
expression of at |east one cell surface marker. 15 4. The ovari an

mesot hel i &l ceThsowrieomiisntpelid cellaacroBlingwveriaim] ,seliadein shid ovaridmce mar ker
is a cytokeratin The, ovar,i.a sot hel.ial .cells accoydi to.claim4,
wher el SSFIPILYBbRdIas ontnanE Py FRRAPRRRT e Terbafr oy et FgHGr
cytokeratin 1, cytokeratin 5, cytokeratin 6, 20 cytokeratin 7, cytokeratin
8, cytokeratin 10, cytokeratin 11, cytokeratin 13, cytokeratin 15,

cyt éger at#n 16Thegyasies maspthelid celinaccoyding tordain3, veher@n saidwel yanfacgnnarker
nmesot hel i Iacs,%kle%tﬁccordi ng to claim5b5, wherein said ovarian nesotheli al
cells further express vinmentin as a cell surface nmarker. '

5. The ovarian mesothelial cells according to claim 4, wherein said cytokeratin is
selected from the group consisting of cytokeratin 1, cytokeratin 5, cytokeratin 6,

20 cytokeratin 7, cytokeratin 8, cytokeratin 10, cytokeratin 11, cytokeratin 13, cytokeratin 15,
cytokeratin 16, cytokeratin 18, and cytokeratin 19.

6. The ovarian mesothelial cells according to claim 5, wherein said ovarian

mesothelial cells further express vimentin as a cell surface marker.

25
7. The ovarian mesothelial cells according to claim 6, wherein said ovarian
mesothelial cells have the morphology of cuboidal epithelial cells.
8. A method of isolating a substantially pure population of ovarian mesothelial cells,
30 comprising:

(a) microdissecting a source of human fetal ovarian mesothelial cells;

27



25 7. The ovarian nesothelial cells according to claim®6, wherein said
ovarian nesothelial cells have the norphol ogy of cuboidal epithelial

cells. 8.wdgmethad of isolating a substantially pure populpirwesi@f7iovari an
nmesot helial cells, 30 conprising: (a) mcrodissecting a source of human
fetal ovarian nmesothelial cells; 27 WO 01/77303 PCT/US01/ 11713 (b)

pl aci ng t he saim pleciog thy smircaofmysoahmicsathelizé bé¢lks ih mutrient inedia umdeli aultureder

culture conditions.suffjcient t ustain.life of .said ovarian.ngesotheli al
col | 5 and-iaf AREn iRl ol R Sedinrm oM Pid ALE WAL ng o
insulin, fid&sheidid fontARd AariBmb cistinb of athiRh, transfel@g @piieHRAl cré Wb ant
human heregulin 1 1, bovine serum al bum n, and aprotinin; 5 (c) maintaining

sui t abl e @tdaopherok oendimbinans humesh heregwlin B 1 bevingwetunealhigim apdaprefininpvar i an

mesof helial cells framthe. squr of oyarian sothelial cells.into the

nat T ent  edt & TERARER AT RYTES PR FTIRE Lol IR ATG) ent to
al | ow ovagiagian ARsGhAR1icalls fr6@thésdueed SFoVhASIMRERh&iaPEcITFARM! tAY RiitrieAt ML | ONs;
and 10 (e) subculturing said aggregate or nonol ayer formations to obtain a

subst ant imedig; pure popul ati on of ovarian nesothelial cells. 9. A nethod of
provi ding a soutce.qf. an | nogen to a.heterol.ogous,reci ptent C rising
hani ni ster i ng & prifapiigBrblEsdie sonducinsae el Flv skiathesofehi o) i m
1in an Jdfls admuitaggidoatetdr ooy fi@ati@iy; hilgrune response in said

reci pient. 10. A nmethod of (generati ng human ovarian tissue nodels in

nonl®uman mamg) suhsultyrieg ssidegesegatoprineralaxer dermatipsg rabigin 4 sphsfamdially y of

human ov hel i al. I cited inclaiml into said recipients
wherein ggﬂrngé@%?%ln&lr%V%ﬁ&e%%?&%&{@' are first 20 mai ntained in basal
nutrient and then adm nistered at a location within said recipient, said

| ocation being able o support growmh and differentiation of sajd ovarian

mesot hel il cefmrethodaf pravigmefouese 9b @B FnERgeREP 2 hefrap!apgusT6Cipienk ci pi ent ,
conpri si : l%g]- VAT gln,cg{gg Qs n
claim1l i”%tng&{s%l r eéils%?lgﬁ? er1 i(ﬁogall E ovarall gérlllscrérlggéoctﬁﬁgftl1 ‘gﬁﬁléie %ﬂ are
firdd groamoum effettiviedotinduee bmiramdné tesporse im said teeipgehtat a | ocation wi thin
said recipient, said |location being able to support growh and
differentiation of said ovarian nmesothelial cells.

10. A method of generating human ovarian tissue models in non-human mammalian
recipients, comprising administering a plurality of human ovarian mesothelial cells as
recited in claim 1 into said recipients wherein said ovarian mesothelial cells are first

20 maintained in basal nutrient and then administered at a location within said recipient, said

location being able to support growth and differentiation of said ovarian mesothelial cells.

11. A method of providing cell therapy to a recipient, comprising administering
human ovarian mesothelial cells as recited in claim 1 into said recipient wherein said

25 ovarian mesothelial cells are first grown in nutrient media and then administered at a
location within said recipient, said location being able to support growth and differentiation

of said ovarian mesothelial cells.

12. A method of providing a source of ovarian mesothelial tissue-specific biological
30 components for pharmaceutical development of at least one drug, comprising isolating the
population of human ovarian mesothelial cells as recited in claim 1, and using said ovarian
mesothelial cells or any part of the cells thereof as targets of the drugs under development.
28



12. A nethod of providing a source of ovarian nesothelial tissue-specific
bi ol ogi cal 30 conponents for pharnaceutical devel opnent of at |east one
drug, conpig @imgpsi sol ating the popul ation of human ovari gemeeougsi al
cells as recited in claim1, and using said ovarian nmnesothelial cells or
any part of the cells thereof as targets of the drugs under devel opnent. 28
WO 01/ 77303 PCT/ US01/11713 13. A nethod of providing a source of nucleic

aci ds or otefns _jn devel opnent of i passays conpri si i sol ati pg
ucl of o abi-ds Bt & eV PeR R B AR R PSS Hof eI gBIb ob S
recited ilosds@}siolnpaidthgUsdlAEheSaicteiO MG LorCproRimd ol tH tin@inSvafdan ONe or 5
more of the principle conmponent in the bioassays. 29

mesothelial cells as recited in claim 1 and using said nucleic acids or proteins as one or

5 more of the principle component in the bioassays.
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