WO 01/ 77298 PCT/ US01/10998 HUVAN MULLERI AN DUCT- DERI VED EPI THELI AL CELLS
AND METHODS OF | SOLATI ON AND USES THEREOF TECHNI CAL FI ELD This invention
is in thavooetdeof devel opmental bi ol ogy and cell biol ogypcBHuUSpewddsi cal |y,
this invention relates to a population of Millerian duct-derived epithelial
cells that are capable of differentiating into uterine, oviductal,

vagi nal , HMAN MUALEREAND UCHTeDRRIVES EPYEHELIAY. CRELISUAND MBTHODS
duct-derived epithelial ©Of ISOLATIONAND USESCTHEREQR! | eri an duct -deri ved
epithelial cells, and uses of the Millerian duct-derived epithelial cells.
10 BACKGROUND ART In the past few decades, a substantial anmount of tinme and
effort has been put into researtPCHYICAE FIEVE opnent of fenale

reproductive qQrgans. The jnget us. behi r]d the research vallg_i es from

| aboratory to hspayentionys itbadglkhor dgyrelopmentaldieleey And relbbiplogddr ess 15
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these issues 1 nclude: cervical cancer, infertility, endonetriosis, uterine
cancer, d¢oit o capable ghdifferansiatinginge uterine yovidictahnelgimak and eervichl allds. Cer vi cal
cancer, for, exanple,. i rticularly inmportant ..topic for wonen's health
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annual |y and that al nost 200, 000 deat hs are due to cervical cancer. Pisani
et al. Imsells.J. Cancer ‘55 891-903 (1993). Although the etiol ogical cause
of lcbervi cal cancer remains unknown today, there are many reports that

i nfection with human papillomavirus, in particular, HPV-16 and HPV-18, may
be the cause for the devel opmrenBACKGROUNBIARRNCcer. Al though cervical

cancer research has acconplished progress in the past, sone of the nost 25
critical work i heinssidgwalesides, 3 sbrtanfialpmennt of tyseandeffurt bas heer oyt a0
research i i i a 3 i i.oroi ds, or
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e A por R ComBton U TANg (6 el AU Al gl B DR o b o ke ebdes
par ames oReiie: Berdieat GancdrMinfbHiBy, BRdYNYRSosi® ulirindRhsled | cclipieptabndncige

develops into a ) ] ) ] ) .
ovarian cysts, and uterine fibroids. Cervical cancer, for example, is a particularly important

topic for women’s health considering that cervical cancer is the second most common
cancer among women worldwide with approximately 450,000 new cases being diagnosed
20 annually and that almost 200,000 deaths are due to cervical cancer. Pisani et al. Int. J.
Cancer 55: 891-903 (1993). Although the etiological cause of cervical cancer remains
unknown today, there are many reports that infection with human papillomavirus, in
particular, HPV-16 and HPV-18, may be the cause for the development of cervical cancer.
Although cervical cancer research has accomplished progress in the past, some of the most
25 critical work is impeded by a lack of human tissue models. Likewise, research relating to
ovarian cancers, uterine cancer, uterine fibroids, or endometriosis would benefit greatly
from having human tissue models of the cervix, uterus, oviduct (fallopian tube), and
vagina.
The cervix, uterus, oviduct, and part of the vagina of the female reproductive
30 system are formed early in embryogenesis from Miillerian ducts, also known as

paramesonephric ducts. In human embryos, a primordial gonadal ridge develops into a



1 WD 01/ 77298 PCT/US01/10998 primtive gonad. At about the seventh week of
gestation, both sexes have prinordial genital ducts and a primtive gonad
whi ch dewebopg2bhito a cortex and a nedulla. In genetic fpanUss/10p98e cort ex
devel ops into ovaries and the nmedulla regresses. In contrast, the nedulla
devel ops into testes and the cortex regresses in genetic males. As

devel opmpriiitife goradhwrabowe nir seventh ogrek ©F gestatidnl, bethisaxesdiaet primordiall es begi n
to regress with the secretion of Myllerjan.inhibiting substance (or,MS).
Ganong, PMfA! JHetEande PRENRI Vs 2aped) gh Aewﬁl?@? BB A gorten gt amegula Thetteimas,
Devel opmgghaad dhd doifek idefelfps ihltfovarRs Atk nvdullPYpk&ds. 1hichbheanithe Edi tion,
Appl eton and Lange (1991). The Mullerian duct is either of the two paired
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M\ﬁpeg%gl duQBRE t@ap{gﬁalfegsg e thORURE far BERAToRE RS 9&f?@g,g§a@

in the deve ng fetus. rini : . Anat. ryol.” 196

427- 433, patt b9thié)vagiftai | e i nportant in their respective scopes, these studies
do not provide an t eachi for hods of jisolating,Mllerian

duct - der 1 ved S5 YR B filensR O naph pded GUarIorafg P SEHIAR! ¢ or

net hods tRiraébidties b Mielibeahds) Foixamipld, ¥RSstRBY tedlbdthat BleInfovetfehtstdFat t he
cells retain their pluripotent potential. There are very few, if any,
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i sol at ed e r of i . - i i igl cells
that - have g eaelEHEL s R Jagdt ML o7 L ThosEy Olehls RSB0 (7
ovi duct ak19%hdInvapthedstude) HuthanAeeesiverg lexamined ibg ubtxdssiusd @ saelydhé or t he

di scovery of a popul ation of Millerian duct-derived q%giﬁ% gﬁloiaal cells as
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20 patterns in the developing fetus. Pellegrini M. et. al. Anat. Embryol. 196(6). 427-433,
(1997). While important in their respective scopes, these studies do not provide any
teachings for methods of isolating Miillerian duct-derived epithelial cells, nor do they
provide any teaching for methods for culturing Miillerian duct-derived epithelial cells such
that the cells retain their pluripotent potential. There are very few, if any, reports of
25 Miillerian duct-derived epithelial cells that have been isolated and even fewer reports of
Miillerian duct-derived epithelial cells that have pluripotent potential to differentiate into
uterine, cervical, oviductal, and vaginal cells. Accordingly, there exists a need for the
discovery of a population of Miillerian duct-derived epithelial cells as well as methods of

isolating and characterizing Miillerian duct-derived epithelial cells. The invention

30 disclosed herein fulfills these needs and discloses additional methods of use as well.



2 WD 01/ 77298 PCT/ US01/10998 DI SCLOSURE OF THE | NVENTI ON I n one aspect,
the invention relates to a popul ation of substantially pure human

Mul | eri awodoaotrderi ved epithelial cells that have a pl uri por/esti/wagsability
to differentiate into oviductal, uterine, vaginal, or cervical cells. 5 1In
anot her aspect, the invention relates to nethods of isolating a popul ation
of substantially pure hunBISQLOSEREAF dHE INENTEANepi t hel i al ceI | s that
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still another aspect, the invention relates to nethods of providing a
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Mul | eri an duct
duckl- der FaRsBi e 19 iflerengiateduioaidugtal. werdls MeEin) oG sarvical sall LRI mERIAig | s)
using ?g@ﬁ&ﬂg&g&%?\g ilRHaf dRORrREA @éﬁtlféfllaMgllls %Hé}rbuﬂu&tcoqglrtlbi@%fﬁ@i'eﬁthel i al

cells or c renti ated therefrom as a source of | eri an
duct - der kwatbve thelMiilderthnabiot-dérsied epitigeliaheclisii ir¢taini their nluopotd&trqapetdtyepl t hel i al

cells into a 0 an recipi ent her ect of this
i nventi on, %HC@%%&SW%%@V?WO E#‘?ge do B}Cr}ﬁﬁfﬁ\? Biovy™t %f’qur‘feh apy
wher eby ﬁnﬁﬁih%e’ﬁr’tb |a<'ﬂe{e)‘016 N8 rBélpiehedridaRe GéesofaBabAIaRY pare pbptlatiog bf ved
epi t hel i al s or cel fferentlatedtherefromare I ntroduced into a

r ecispi enMiillzsan du%tmé‘il eﬂﬂﬁé@‘tceﬂﬁ a$ #) BNMAYREEN; on, the invention relates to
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20 differentiated therefrom as a source of Miillerian duct-derived cells and administering the

Miillerian duct-derived epithelial 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 Miillerian duct-derived
epithelial cells or cell differentiated therefrom are introduced into a recipient.

25 In another aspect of this invention, the invention relates to methods of providing a
means for developing pharmaceutical drugs wherein a substantially pure population of
human Miillerian duct-derived epithelial cells is used as a source of Miillerian duct-derived
biological components in which one or more of these Miillerian duct-derived biological
components are the targets of the drugs that are being developed.

30 In another aspect of this invention, the invention relates to methods of providing
bioassay development wherein a substantially pure population of human Miillerian duct-

derived epithelial cells are used as a source of nucleic acids or proteins and wherein these

3



bi oassay devel opnent wherein a substantially pure popul ation of hunman
Mul | erian duct- derived epithelial cells are used as a source of nucleic

aci ds or woot/zizes and wherein these 3 WO 01/77298 PCT/ USBQT/U0@9899snucl ei c
acids or proteins are used as one or nore principal conponents in a

bi oassay or the devel opnment of a bioassay. BRI EF DESCRI PTI ON OF THE

DRAW NGS niicléteeactdsloe pedteinh ase ysed endnecymbare psinaipal eagionems ida hivkhssgy ex theut ed

in color. ies of. .this patent with color drawi ng(s) will be provided by
t he PateﬁF‘%ﬁ%mel*}té’cﬁér%‘Wsaéﬁpfi ce upon request and paynent of necessary fee.
Figure 1 A shows Millerian Tract Epithelial (MIE) cells, as seen under
phase contrast mcroscope, as a tight epithelial cell colony. 10 Figure 1B

shows MIE cells, as seeBRIEBHDEFIREPIIONWDF IHE DRAWENGEe, at high density
in | ture wh E cells formdone-like structures (i.ndicated b rows).
Flgdre 1 G snale et Bl Fucr GENERIR: ek BpC HatGhe biGuieuaE bt e T
snoot h  alsik bates With €sloRBwehE )ALl HeIR6EEEEDy thEPatent @hd THHIERARX Officeupse bl es
that seen with endonetrial epithelial cell cultures. 15 Figure 2 shows

ni cr ophotreyestnd paymentafmserssaxfefase staining for several narkers on ME

cells. Figure h : t rat i Figure 2B
shows st aini nggg @F g ng'%%megirgn% Cﬁg}tgﬁqi%g\dﬁ? cigll{s,’ gg%gﬁl&lh&erljg?%suere 2C
shows cybniast afi¢roscdpa, asiartiphotpitfeRalaelllcoldngr cyt okeratins 13 and 16. Figure
2D shows staining of .MIE cells for vimentin. 20 Figure 3 showg . the results
of ¥r-pcr asséyg%iﬁeﬁhﬁwp %Fém%se%éwqfip AgeONTPR HGTOSHBR Qe Hoxal

| genes vgp | LWaATE HeAN&SiuRtiSes (hdi yfowg Xt ract ed
from MIE ceﬁ}ﬂéﬁ%%?té&gg%oag i Edgﬁgc%?g%gxgect ed Ei zeegs(lﬂ})c%&ttH%iXb genews?ranscri pt
bands. Fi gur e Figwad® shbes MBE E¢lls, axf seen hindstr phasyi coatrast maibxpséapeowith sbothl er i an
tract epitltgel ilal 26.cell graft rgco i'[nan hgat vf\:?tﬁ)trﬁ%s Iantt d i n nude
m ce. MIECEEPHEeY TSt PRSEYiFL sl iy Rl mprabefasy xesemplesdidf siet Witm and

ovi duct . endbmétghedpithbRaldeReitkueg) of the nesenchynme, "L" indicates the

| unmen, the | oggg arrow i ndicates the | ocation of an apical epithelium and
t helshort ar r &Swguradishawenieraphategraphsod immugpperexidase sigining dor sgweraBo  MODES

FOR CARRHA}ﬁrQOJJ I\ﬂ‘_gcélﬁw‘:ﬂ}gﬂrWA shows staining of MTE cells for cytokeratin 19. Figure
2B shows staining of MTE cells for cytokeratins 10, 11, and 18. Figure 2C shows

cytokeratin staining of MTE cells for cytokeratins 13 and 16. Figure 2D shows staining of
MTE cells for vimentin.

20 Figure 3 shows the results of RT-PCR assay wherein PCR primers specific for
Hoxa9, HoxalO0, and Hoxal 1 genes were used to detect HOX gene transcripts in total RNA
extracted from MTE cells. The arrows indicate expected sizes of HOX gene transcript
bands. |

Figure 4 show the results of a histological analysis of a Miillerian tract epithelial

25 cell graft recombinant that was transplanted in nude mice. MTE cells formed structures
that resembled the endometrium and oviduct. “M” refers to a portion of the mesenchyme,
“L” indicates the lumen, the long arrow indicates the location of an apical epithelium, and

the short arrow indicates the location of glandular epithelium.

30 MODES FOR CARRYING OUT THE INVENTION

- The following detailed description of the invention is provided to aid those skilled

in the art in practicing the present invention. This detailed description should not be
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The follow ng detail ed description of the invention is provided to aid
those skilled in the art in practicing the present invention. This

det ai | ed wie@esorizpt i on shoul d not be 4 WO 01/ 77298 PCT/ USO1paDe9@/10eenst r ued
tolimt the present invention, as nodifications of the enbodi nents

di scl osed herein may be nade by those of ordinary skill in the art w thout
depart i ngorstruad tchlgmi phe presensinyesttap es olodifivatipnsafdng emboedimentsidiscidsedughout

this disclosure,.various publjcations,...patents.. an upl i she at.ent
Speci 11 cHERUNERAPE Y BY efpbet Sinary it oh B A ip i AoBiting Fpanf RusL

publ i cat bAMSoopB 3t BRtpteseAlidvaitdni JmeshghahtahisdiRIBuike v akusi pusREfRhat ed by
reference in their entirety into the present disclosure. The practice of

t he pr es@natenisrandmubbishedipatentspsictfications ase seferenced biysitatipni Ehe digelosure of
convent i hnpl qu ' I i ' i ol.0gy,
SO D! o0 PR el TRAURT R AHL R By  Rigplipey.
See, e. gtheifSawistpito tietpredent diScIMUECULAR CLONI NG A LABORATORY MANUAL, 2"d
edition (1989);: CURRENT. PROTOCOLS I|N MOLECULAR Bl OLOGY (F.. M A‘isubel, et
al . eds., (19 79@%0@@??%@%9#@9@%19@@0&@@@%@&%@@? ss, Inc.):

eds. (108875 pff oo Al Mo ey PR Bl OReed i R T i
AI\/?NUAL,OI ﬁwmmmggx?whi&@fwme(ﬁu of the ah Iﬁee;; e ggfsingtitéﬂa, )e't' al. Pef | ni 'ﬁl ido ns
"t e ! WEpLACUTAT GLORENGE & EAD G RrBRy MiRdnPed Suinedncllnd cpailine

ot her wi sSeRITWHCOKSMNIMOLECVLAR BIOLOGR (EeM."Abdibblees, adp! uved)y the of
cells, including m xtures thereof. As used in the specification and cl ai ns,

t he ter mseriggtMEEHORS N ENZOBYIOLEUG € pAcadeniiaPress dng. i PCR RUA IPRAGHICAL
duct - deri o7 MULLer an ctal cells” nd " Mil | exd I1s"
are used A}Ipﬁ’?‘e@%@%‘f{&%b fc%}he P g?’ Fl?amg%%clséé%r?@ggr %D&F%dﬂrﬁﬁ%h aglr(ai an

ducts. Thase edﬁedIDS?aAHTCE@BfDIES, ATLABORATOR YMANEWE , and ANIMADORELLL ed to
an essentjally non-dividing 25 stage of end differentiation. "Millerian
dudt- der G-l ERE(RE] Frashueyt pde (198Kh| | erian ductal cells", and "Millerian
duct cells" are derived ultimately from a paranmesonephric ridge in human
enbryos. Wiile both mal e and femal e enbryos have Mull erian ducts, the

MUl | er i a®efinitiensi n mal es regress with enbryoni c devel opnent and with the

secret fon of MLl el an i i1 1y SUBS! HSSuMe Bent¥l) ol ORY 5. e
include plural references unless the context clearly dictates otherwise. For example, the
20 term "a cell" includes a plurality of cells, including mixtures thereof.

As used in the specification and claims, the terms “Miillerian duct-derived epithelial
cells”, “Miillerian duct-derived cells”, “Miillerian ductal cells”, and “Miillerian duct cells”
are used interchangeably and refer to cells derived from human Miillerian ducts. These
cells are capable of dividing and have not yet committed to an essentially non-dividing

25 stage of end differentiation. “Miillerian duct-derived epithelial cells”, “Miillerian ductal
cells”, and “Miillerian duct cells” are derived ultimately from a paramesénephric ridge in
human embryos. While both male and female embryos have Miillerian ducts, the
Miillerian ducts in males regress with embryonic development and with the secretion of
Miillerian inhibiting substance (MIS) while in females, the Miillerian ducts develop into

30 oviducts, uterus, endometrium, cervix, and the upper part of a vagina.



30 oviducts, uterus, endonetrium cervix, and the upper part of a vagi na.

5 WO 01/ 77298 PCT/ US01/10998 "MJ lerian tract epithelial cells" and "ME
cel | s" ameouowet9s nt er changeably herein and refer to MJ | erCEUSdu®bIsderi ved
epithelial cells that are in culture under standard in vitro cell
conditions. As used herein, "paramesonephric duct” and "MJ lerian duct" are
used 5 i nter clidiitjendnl yact'ePuheambedis? pid 1M TduesA1S” anedisé¢dinkdrelrangenbliubertinar e

et o0, PR BHOBES B S50 At 5 S B oSN ©

t hr oughoug|l adidiigiker to a stage mhere a cell can still beconme one of a
plurality of cells but can no | on becone any type of ceII i n the body
(i.e. totipot &stuped h@ems“mas@uemee w ducpra@dcrévleﬂqrﬁamehwr\/mrt usadan

s BoyoniehueFai oPasiheRbRdRne uus BT ARTRRn Al R AGBRRERACEL L, ™

before t bandtdigiezeaftaltdictintae baﬁ;dstﬁgesroeemb@toa& ddkloptiiean duct - derl ved cells
(such as mature oviductal, uterine, cervical, and vaa@nal cel | s) CeI l's
whi ch are " pr eblugpeteptyiandd ﬂmnoé?qtaﬁed‘é‘%ﬁ Rschapgepbly andggfer o

becom ng into
term nal Fw%%?’lgﬁ%ﬁﬂ rbg{legﬁ%(ﬁ erian é?r_a g@ﬁ?ft}gg§b Q%’P%%%e} ﬁ)?‘% gp
factors qqae&écdﬂmuuebedyr(lreetbtipbtehsrl an duct-derived cells to begin
differentiati ‘tl exa i ncl ude, exposure to hornmopnes (i
estilogen, %&%@ﬂ%ﬁlgm eI TR & TR AU oS e8p 13 RBERE cont act
Wi th surg iht bf§§ﬂ§tl;§dtexﬁcell Ha® %%9815@&6%’(3%@ B?Bemg&}gn 'Efﬁ{e%ﬁi/drﬂi@ﬂ”ent of
t he cells. An "anti body" is an i nmmino i n ol ecul e capabl e of

bi ndi ng aanzalat m@mnd/tsfora;ﬂmtm“zﬁ tnrmmhléy didfenensiatedriyfdierom duot-dashied celig act

I mmunogl| ecu. t. al so nti-idio d es,.. nutants,

1 agent Cuch S aRE U, Meiofkraed Rl ot CRlrRFhER B or < he

i mmunog| G&Hhhlﬂem&ﬁﬂh@dﬁﬁéﬂenﬁmré S@rﬂﬂnﬁ%lﬁé%}nfngmmﬂéﬁahmcﬁdérﬁvedf t he
re UI red SF ecificity. 25 The term"anti g s a_nol ecul e which can_ include

Sor acy) hmmﬁbe&lm foglsaelop énto mmﬁllé(rfhféfmen%a@/h%lﬁnm ect-dapivecht i gen
' S as ”béé M}té}%htcf%og%\éﬁse Btgﬂﬁﬂ%& {)?iQFr'Ei &tecfe’nvlf:d Eells th BE ﬁe a”
| mune res | gens are consi def e I mmuno
used her dlfﬁ:rerttiaang eNon-lmmtihg exdmples innluda dmbsum tD‘élﬂl‘IIlJ)IldSKl ¢. esnmgenpr ot e| ns as
wel | as e | de f ra]grrent sht her eof con 1a| ni N9.0 ri sing.one or.a
pluralit gtﬁpg B {zing hormone, €tc.), cell-to-ce ontact w1t surrounding tissue (i.e.
mesenchymal tissue), and microenvironment of the cells.
20 An "antibody" is an immunoglobulin molecule capable of binding an antigen. As
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.
25 The term “antigen” is a molecule which can include one or a plurality of epitopes to
which 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 used herein, the term “antigen” is intended to mean full length proteins as
well as peptide fragments thereof containing or comprising one or a plurality of epitopes.
30 The terms "surface antigens" and “cell surface antigen” are used interchangeably

herein and refer to the plasma membrane components of a cell. These component include,

but are not limited to, integral and peripheral membrane proteins, glycoproteins,
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30 The terns "surface antigens" and "cell surface antigen"” are used

I nterchangeably herein and refer to the plasnma nenbrane conponents of a
cell. Theseovonponent include, but are not limted to, |ipCPUsEl10993d

peri pheral menbrane proteins, glycoproteins, 6 WD 01/77298 PCT/ US01/ 10998
pol ysaccharides, lipids, and glycosyl phosphatidylinositol (GPl)-Iinked

pr ot ei ns poAmaccharidesglipids, ardrighyansy|phiospltidylinesital (GRIMimkedpmtengprAn ei n t hat

t end the lipid .hjl f the pl f LI, A
Evptcal | g AR g Bl S A s CoHbTSE BN Al Srenas sigis Pl ane
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20 “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.

25 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
different individual from the same species as the recipient. An embryonic cell derived
from an individual of one species is heterologous to an adult of the same species.

30 “Heterologous™ as applied to a recipient means that the recipient is a genotypically distinct

entity from the source of the cells that are being introduced into the recipient.
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20 of serum in the medium does not mask antigenic sites or antibody binding sites on cell
surfaces. The term "essentially serum-free" generally applies when the cell culture medium
comprises less than about 50% serum (by volume), preferably less than about 25% serum,
even more preferably less than about 5% serum, and most preferably less than about 0.1%
serum.

25 A cell surface is “substantially free of serum biomolecules” when at least about
50% of the Miillerian tract epithelial cell surfaces, more preferably at least about 75% of
the Miillerian tract epithelial cell surfaces, even more preferably at least about 90% of the
Miillerian tract epithelial cell surfaces, and most preferably at least about 95% of the
Miillerian tract epithelial cell surfaces do not have serum biomolecules derived from serum

30 binding to the cell surface such that antigenic sites or antibody binding sites are bound or
are unavailable for antigenic recognition by an antibody or a portion of an antibody. Cell

surface can determined by measuring the cell size, either by microscopy or flow cytometry.
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usual | y icarbbhydratecucnad glocaseyng evitarhies athelfar pder odnicroomppuadssequipdd a@anav| y be
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cat egor i £8PCeAyaLNS; & e Fa;styrﬁ%dag%ﬁ% ) e miemensy, wharq A R gpdeeed o
exanpl e, a6 florkdnio con%ﬂ%é%mﬁﬂ@oéﬂh?ﬁﬂé‘éﬁﬁén@lhé@ﬁfé‘@ﬁ%hl@e&gﬁﬂéh hagep such
as, for exanple, adenosine and thym dine, hypoxanthine; "and d) protein and
ti s¥ue hyaiv obncesatrations, usually in the micromolar range. The defined medium may also

optionally be supplemented with one or more components from any of the following
categories: a) one or more mitogenic agents; b) salts and buffers as, for example, calcium,
magnesium, and phosphate; c) nucleosides and bases such as, for example, adenosine and
thymidine, hypoxanthine; and d) protein and tissue hydrolysates.

25 As used herein, “conditioned media” refers to culture media, free of intact cells, in
which MTE cells have been grown. Miillerian duct-derived cells grown in nutrient media
may release factors which promote the continued survival, growth, and maintenance of pre-
existing state of pre-differentiation of the Miillerian tract epithelial cells. Conditioned
media may be used to reconstitute a cell pellet or added to cells already existing in culture

30 plates. Conditioned media may also be used alone or to supplement nutrient media being

used to feed Miillerian duct-derived cells. Since conditioned media is derived from nutrient
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to 48 hours, and even more preferably, overnight with an incubation period of about 24

20 hours.

“Serum”, as used herein, refers to the fluid phase of mammalian blood that remains
after blood is allowed to clot.

“Serum biomolecules”, as used herein, refers to biological compositions found in
serum. Examples include, but are not limited to, albumin, a1-globulin, a2-globulin, -

25 globulin, and y-globulin. Serum biomolecules can include biological compositions, whole
or partial, that are either naturally found in serum or derived from processing and handling
of serum. |

The terms “mammals” or “mammalian” refer to warm blooded vertebrates which

include but are not limited to humans, mice, rats, rabbits, simians, sport animals, and pets.

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

dispase to digest partially sheared Miillerian duct-derived tissue in a buffered medium that
will sustain viability of cells isolated from the Miillerian duct-derived tissue. The amount
of enzyme will depend on the age of the fetus and the mass of the Miillerian duct tissue. In
one embodiment, enzyme treatment with collagenase-dispase may lower the overall cell

25 yield. Accordingly, the amount of enzyme used would be reduced or not used at all. In
other embodiments, enzyme treatment may increase overall cell yield. Accordingly,
enzyme treatment may be used alone or in combination with microdissection methods. A
wide variety of basal cell-sustaining media that can be used to keep the pH of the liquid in a
range that promotes survival of Miillerian tract epithelial cells and to provide additional

30 volume of liquid within which the enzymatic digestion can occur. Non-limiting examples
include F12/DMEM, Ham’s F10 (Sigma), CMRL-1066, Minimal essential medium (MEM,
Sigma), RPMI-1640 (Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma), and
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I n"anot h& waiehdbe Niilerian dct fgueds plagedd Je one gmbpdimeat, theMillerigndugte out of
theyMul | EpitiEfial cells migrate out of the Miillerian duct tissue into the media in aggregate form.

In another embodiment, the Miillerian duct epithelial cells migrate out of the Miillerian
duct tissue into the media in the form of single cells. In another embodiment, the Miillerian
duct epithelial cells that migrate out of the Miillerian duct tissue are no longer imbedded in
the Miillerian duct tissue but are loosely associated with the tissue. Miillerian duct-derived
25 cells are then resuspended in a basal cell-sustaining media. The Miillerian duct epithelial
cells can be grown in tissue culture containers (i.e. flasks, plates, etc.) that are either
uncoated or coated with different substrates. Non-limiting examples of substrates that may
be used include fibronectin, laminin, collagen, polylysine, nitrocellulose, nylon, and
polytetrafluoroethylene. In one embodiment, Miillerian duct epithelial cells are grown on
30 laminin-coated tissue culture containers in the preferred nutrient media described above. In
another embodiment, Miillerian duct epithelial cells are grown in uncoated tissue culture

containers in the preferred nutrient media described above. The size of the tissue culture
12



duct tissue into the nmedia in the formof single cells. In another

enbodi nent, the Mullerian duct epithelial cells that mgrate out of the
MU | eri arw@uoarot72v8 ssue are no | onger inbedded in the Mil | peT/aRoidweds ti ssue
but are | oosely associated with the tissue. MJIlerian duct-derived 25 cells
are then resuspended in a basal cell-sustaining nedia. The Millerian duct
epi t hel i abntainets|is propnrtipmaloshmamountiof Midleciah ductdissembeangplased(Witlein thd asks,

pl ates, etc.) that are,either - coated or coated with different .

Dot r at SeStafhgts” P sHETFo. GisaiChray HOEGTHE MoorPoiatorthé Hpe chBOrE Bharainges uae

fi br onectiy,stdpiddinbremeat bAdaNeridd ¢t NSuO plactd Withinethe Ubis@ultivglcoftaindfsd

pol ytetraf |l uoroethyl ene. In one enbodi nment, Millerian duct epithelial cells

are gr omVhsn thoMidlerian duetdissesds firs plpsed withiy e tiseguiarescontpinery they ef er r ed
nut ¥y ent o[l 2 0536y Ol RROUAN iai @ AN SHROSIRBved i1l R4AR dlyC!
epithelial celfPs are grown in uncoated tissue culture contaliners 1n the
pr ef er r edndatviiy foin tie Mitlegias ducthssheaienss, thd hredia witl ndcoind endre spatieauldt ure 12
WO 01/ 77298 PCT/ USO01/ 10998 .. containers. is, proportional to . the anount of

Ml | er i afPeBrDd; 85The Rostvdhers e sred, isighly H%gld_c,bsﬁatgp REHhs ingreasung qragynt
artisan BRYrfiRtiel BhSicli0Ed CAlsigtatifh #onP o NI Re: GLE bF GechRldH NeTs DY
a stepwise increnent of Miulleriadn dlct tissue placed wthin the tissue

cul ture Midleaiandnst-derivad nell pwihi|rhereinatriedticedipiis placed m the tissne phlawed wi t hi n
the tissue cultyre contajner he 5 nedi a,is,general | | ear . in overall
turtl o ¢ gonaeRap Feaifint e op Fisals oasrid nanrRGRREn fueteelinaftbgy 11 om t he
Mul I er i aRltetvtivel Wvheh theh€8i8 Becdntt 1B WitMircredRGAMROUTEY 6T MR8 jgapd nore
turbid. At _the point where the nedia is highly turbid because of the

i ncr easi gpithatislerdls, asmallamevntof cellsanayibe femayed dioms theitigsuet quiiyref qoptaindne

Mul l eri a t 1] | er ucl.-deri | grow h,
nor e nut rgfl%%l?ec%%%?ozlé?% Q%Ibggtg,gt%f%xaﬁ%e,w {shstg@aglrhl?eusﬁ%m%%' (%Sﬁsfdj %gﬁé}rg to

repl eni sborth@ersuhdtiané Beehsvetin vithytod Aaniickilewil Bbegituit she @l desreased delie
alternati yag, .when the nmedjia becaones turbid with increasing anounts of

Mul Per i aniagility- ThpskiHed pgisancmpy then dragsfgr the sapigRts of thecdtissyeculiwe epntaiagfsy ed
fromtheti ' wfq habiuld ty, for
exanpl e, t(\;/vlbt?1 trn %%ygfﬁgd?%%rgﬁﬁig grﬂﬁftgrsél}fg cu glll}%je){ 0 a%%é}r%ug}ﬁﬁ%?%ﬂc{ hat have
been oveinagasingtamauoboieehly. teddesembddimérggihn ehtresiootentetthe s coktiile 15

viability. The skilled tisan may then. transfer. the contents of the tissue
Ul tur e SoHERES fensEhed o iR gt & T P epiumie, b ABOGer g eat er

cubi ¢ volemBBdintcat, S PRMBHR Gudt B&ll sdsE@dsﬁ)_’hSib BlitdRRURYeraf seplateStisshdculivge

enbodi nent, the entire content of the tissue culture container is

t r st er cerfainersayith fiesh munerdimedia (efso&npun ge i subgpiteringd).ulpethisimanaabeher
embodi me bst&@;éll%eﬁ:@éﬁﬂti&? 6t MERLas HRPELR! QA be DoeRldal | nto several

separate ti1ssu

The Miillerian duct cells in culture or Miillerian tract epithelial (MTE) cells may
be grown in tissue culture containers (e.g. flasks, plates, etc.) that are either uncoated or
coated with different substrates." Non-limiting examples of substrates that may be used

25 include fibronectin, laminin, collagen, polylysine, nitrocellulose, nylon, and
polytetrafluoroethylene. MTE cells form monolayers when grown with or without
substrate in the preferred nutrient media. In one embodiment, MTE cells grown in
uncoated tissue culture flasks form a monolayer. In another embodiment, MTE cells at
high density in the preferred nutrient media form enclosed dilated cysts which float freely

30 in the preferred nutrient medium. In still another embodiment, MTE cells form monolayer
patches or monolayer aggregates in the tissue culture container. In yet another

embodiment, MTE aggregates adhere to the surface of tissue culture containers and
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20 containers with fresh nutrient nedia (also known as "subculturing”). In
this manner, a substantially pure population of MJIlerian duct cells can
be obt ai meolo1/712e8 Mul | eri an duct cells in culture or Mil| ePCEHUStIYIBQES
epithelial (ME) cells nmay be grown in tissue culture containers (e.qg.
flasks, plates, etc.) that are either uncoated or coated wth different
subst r at esolifeferasla cvldnyngf meomigieeselsl Thutesdol@tiesmap bt sutryitived us prdpagiiie

i nclude fihronectjn, |amnin, collagen, polylysine,. nitrocellulose,, .nylon,
and pol yMJf’ é‘(&fﬁuy@ﬂgt‘fﬁw@ﬁé? q0ee YSE FSybBR TR A BF S5 FRIOMKEOBF BIRHISHE h or
wi t hout eﬁ%&tfc@?s‘%ﬁhéht&@@et&élﬁh@ b RMiel ok R LsidEB dF fhe Plastie A REARGTENT . MIE
cells growmi in wuncoated tissue culture flasks forma nonol ayer. In another
enbodi medlasksMifE acedre preferrechérgbodimast, ay enzymersuch ngéotagenhsendispaseris usssldna f or m

enclosed di l.ated cyst ich. fl freel O ipth ferred nutrient
oo A <BErE b Bishinty ST ackihates BopL Beis R R Espre M 4GRS o
nonol ay efwlilgdéLaas the célls @ gidoae ferntdtioh Ue ¢TRRtidE ARbuntliatiiedst Bk 16%o,
enbodi ment, MIE aggregates adhere to the surface of tissue culture

cont ai nemorg peefarablyat Pastzpouil oamdumost praferably as legst gboptl.&%eeollagavsony
f. | h ' E
oL 7o\ Rl ey A58 SELAMRGS o B HREHb AL AL, ARERAIEL BuurlTE
met hod i laslgniiy/erayine is wasHederay twitiokebasahmedie, grefepdbil g thefnuaient hediai des of t he

pl astic ti_Sfue culture flasks. In a nore preferred enpodi nent, an enzyne

sucl as @irlosghhereis. yidthg MIE solguicy arerplacsd dm new flasks ith a ppimsent medigi ssoci at e
MIE aggr f : | : S ; - Whi eavi ng
the ool ] B L B osd T e BT onidt ey *Sbout
10% nompiacpd af @singlk yissaite dudtast flask do whicknuanmoht media ip addedraxbih yn alferhaast a about

0.1 %col | - di [ | une. .After detach f MIE col oni es f
Che i doSoRfbrtnins MIE B ey i plited st Hosie o D Tk iR oish nulSip T ¢ o O
basal meghedia BH8RN I ubchRurity inithil imaNReY, 8 cdRfbn 641P&RArdREE bE obRddine MIE

colonies are placed in new flasks with a nutrient nedia, preferably the
nut¥5 ent akleastabentdwp srahs: arase preferplly ehlepstabguteme prmtie,ind mast prefeyabie at

pl aced in | gl! & i tur %M)h' tri Lha 4.5 .added or
in an al tleea?tn%@tolﬂve, ggtﬁ%gﬁefég% tgfa%tﬁitlgl%%ﬁﬁé’%{) onﬁg%tgﬁssuﬁlfggcl% [ hbq‘gﬁlé?tngl e
tissue cgrdwthdadtdbraFGR)aniMivrekolinrhiy Bniddednstapwide atbdetlent8yo simhdatet uring in
this manner,_ a .confluent cel) culture nmay be tained in 15 at | east about
two rmont RElfEgten. Hlnsogeambodiments the a%dg&n Oﬂﬁ@Fb AR ORiorskolin REROteY 2f er abl v
at | eastyahoulie biBrdliferhfiSdRRE ot dedreale ML 1iFE §ahiofthe @Al f act ors such
as basi ctgfi br obleag?ro 1grrowt h fact oro( Fd:) and 1f o%’%& [ ne may beS added in

st 200 se Aceordargiytthe adsligen oftf GF end/or forskolin may be used when a greater proliferation

rate is desired by a skilled artisan. In other embodiments, the addition of FGF and/or

forskolin promotes a greater rate 6f proliferation and decreases the life span of the MTE
cells. Accordingly, a skilled artisan may determine if an increased number of MTE cells is
desired over longevity of MTE cells depending on his needs.

25 The frequency of feeding Miillerian tract epithelial cells is dependent on the rate of
nutrient metabolism of MTE cells. The higher rate of nutrient metabolism, the more
frequent MTE cells need to be fed. Generally, media acidity will increase as cells
metabolize nutrients in the media. Some nutrient media (e.g. RPMI-1640, DMEM,
EMEM, etc.) have media colors that indicate the acidity such that media that is highly

30 acidic will turn bright shades of pink. Nutrient media can then be added to bring acidity of
the existing media to an acidity that will sustain life and promote growth of the MTE cells.

Alternatively, a small portion of MTE cells may be removed from the tissue culture
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proliferation. In sone enbodi nents, the addition of FG- and/or forskolin
pronotes a greater rate of proliferation and does not decrease the life
span of tweoMIBgells. 20 Accordingly, the addition of FE&CHEUddONdsor skol i n
may be used when a greater proliferation rate is desired by a skilled
artisan. In other enbodinents, the addition of FGF and/or forskolin

pr onot es cantgimendrek assatal fof cgll elabily,dbr oanmpia) withctrgmaddud tianingf éf thpan of t he

MIE cells,.Accordingly, a skilled artisan determ pe if anp increased
nunber P iEE: BeTRLaY EoengBeRbaleveell RGBT e GRoRAE. e (han dBngl 7 on
hi's needgmbédinldn® NHilkGHAR Xt &itheBATNImYY l'bls If&s Eﬁﬁ%ﬁgﬂ%&h@@ﬁﬁr@@' dfdhe GBI 1S IS

dependent on the rate of nutrient netabolism of I'l's. The higher rate
of nut ri entrientmadiowithmew heiriantraedif.r branother kfBodisient Miéldetiandraoterfidhelial

Cener al | nedi i di.t .l i,ncrease .a ells, netabolize,nutrients in
Che redi SeUSBR By, Fi with fonditigned e ihipieh these Cellsifeys Brompi-yRetapse e’ 2, o
medi a colcpiihed MallletidlirsatepithdlRal 8¢lisdiré ¥ni§ustd thidahveikidh and Rall séceetd b@hdry 30

acidic will turn bright shades of pink. Nutrient nedia can then be added to
bri ng acispcific @ithesecells thesqandigioned mediagesived frpay the Milleriapitiart epitbelidln 1ife

and pro t . | %S@ I 'E% ' of MIE
cells m”gélgsegg g%\%g’fuf T %ﬁqﬁ%@n iéi%%dlg ﬁ{sgﬁ %Pﬁyﬁky%i? h‘g 1&58'%1/ 10998
cont ai neandprbvab €dMitldriiwtractepithsliahbells it yhout onceexapelt. eTheMiiitletianytpan bl ue
staining. If the nutrient media has bee tabolized,  cell yjability wll
be_a]&oor | (epl.ﬂée.har &l o i imspugon 4o hsrpéssag?ﬁﬂ@gﬁ@%@@w-ﬁ)avmaﬁw#%t |

epi thel | alncsghlcs aftithSutlifihoih diffblcAGAMh dfificst Nidileetak b ddiehiden ity | ent
media with new nutrient nmedia.” I n another enbodi nent, Ml ["erian tract

epi t hel i &drminallyldifferamtyatédbutese, wetvicat,ongdingl, onevidnetdi eellsn whi ch t hese cel |l s
were grown. Because the clainmed Mullerian tract epithelial cells are
unique to this invention and will secrete factors specific to these cells,
the conditioned nmedia derived fromthe Mullerian tract epithelial «cells
are also unique. A frequency of feeding that is preferable for pronoting

t hel Ssur viGharactgrizatipnyeft Miilerian tract ppitheliabeellsepi t hel i al cells is about once
a week. The | a0 {40 eni al: G £ DL.S: | an be
passaged mnul 'ILV:T“F})]F ggfflgg%%{ j g%&%&ﬁ%%lp% lpﬁgﬁlt&hé é%@éscﬁelgérglog%oq%{i ﬁg%l?

I nduci ng nthinhéradissdésed heein lfvetsbesal ddfiningrcdharacteriatids. dist, hied Mailledal et i nt o

termnally differentiated uterine, cervjcal, vaginal, or qviductal cells.
15 Char 2 GBIz tells Arett aingedbatann by §%ic_rlbﬁa Thare- ?telam@ Mtﬂl@n_a% Btation of
Mul I eri apefiveet TRPMlIRY bR rab&lpiBelRdl cEIN &f‘thl@Y%{i&@hév%‘%@E%cit?t({ ﬁe;com@anner

di scl osed herei n have several defining characteristics. First]
MUI20er i awitheradrine, cervical, vaginal, or oviductal cells. Identification of Miillerian tract

epithelial cells may be accomplished by morphology or specific markers or a combination
of both techniques. Morphology of MTE cells is characterized by monolayer formation of
polygonal or ovoid shaped cells in close proximity to each other, with cell-to-cell contact,
and growth in tight colonies. When MTE cells are at high density in tissue culture

25 containers, they can form dome-like structures. The formation of dome-like structures is an
unique property for glandular epithelial cells. The formation of dome-like structures
indicate that MTE cells form occlusive junctions or tight junctions between the adjacent
cells. Occlusive junctions can be visualized by conventional or freeze fracture electron
microscopy or alternatively, by staining by markers to occlusive junctions (i.e. zona

30 occludens proteins ZO1, Z0O2, etc.). In addition to the formation of dome-like structures,
MTE cells can also secrete protein into the lumen of the domes. The protein may be
visualized by staining with dyes (i.e. hematoxylin, eosin, etc.) Other morphology that MTE
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epithelial cells are at a stage that can be described as "pre-determ ned
MJ | erian duct- derived". The MJlerian tract epithelial cells of this

i nvent i owbavenbhe capacity to becone 20 either uterine, eeTwB@zl099svagi nal ,
or oviductal cells. ldentification of MJlerian tract epithelial cells may
be acconplished by norphol ogy or specific markers or a conbination of both
t echni queslls ddnrppdsehiagyn epithidlil cadl tiype withchmoticdwelinead dendeppocesger, f or mat i on

of polygonal or ovoid .shaped cells. i | gse. proxim to ch other, with
cell-to- g’é‘?‘?” & hebgeen W‘i‘rﬁi‘%BF‘SW%ePI e?lflﬁ"ﬁ?‘ C&‘(l}ﬁf?ﬁi%@gl L‘%{H@ha £ cells are at
hi gh denghdomdtiutnl ssue culture 25 containers, they can form done-Iike

structures. The formation of done-like structures is an unique property
for gl andul ar Maker ghat adn beeiided to BetectiMITBeellpimchide duhare Inok Bméted tect ur es

i ndicat e that | ] lLush vie | tio or .tight.ju ions, between
t e “ad) acknRerai (80 o buts B, 6, a5 a8, 2L Ry e AT nc T on
or freezeuffices.t Théde RER ClirfaR mdrkérs @&C&E’é&séﬂ’b)aérhﬁlb?lﬂlgiahﬁb&die@&ﬁe&ffﬁ@lfﬂﬂ OK_by
mar kers to occlusive junctions (i.e. zona 30 occludens proteins zZOLl, Z02,

etc.). | Andymantisn Examples of antikedies thagmaydieased jnslugle byt argmes limitgghto: @ati4 s can

al so secr . -0 : I . | 2 e

i suai | 7SRy AR Ok al ik R fihe .13, HOHER12 RO Bt O

nor phol ogyd aiitixtinhdbin hntivédiésldlgne? BB2 ROl Sighh/(HeaAél Coel Asti-CXnapibedientnd s an
epithelial .cell type w.th snooth outline and sl ender proc , . Simlar to
t hat0 seeﬁnwvvﬂetﬁm&ﬂém%ﬁang% YR M sifheg direct opimdifFeS RERR AL S sHisi
endorretrkﬂmmgﬁgtgaqénig@fgr&aﬂogwgﬂryto detect MIE cells include but are

not limted to 5 cytokerati'ns ( 1,°5, 6, 7, 8 10, 11, 13, 15, 16, 18,
and 19 and vi MRE cellsof thiF fivestibn issalsof chamsterizbd by expbisigoffBOX geaekers are

assessed enpl oyin nti podies s | fic for and vi tin. .Exappl es of
ot bod S Ees Al Ve B BB ER e Sare Shistior eRiRS abp AR b Rosidotal™

cyt oker athed g BRtankRPidI-p5stetiNRiinGFrosdPhane H3xdL gerfe! xPresSion & kktfitled gma
Chemical Co. and anti-vinentin antibodies clone 1%. 2 from Sigma Chem cal
Co.15Ant i tcfallgpien i (ewiduety Haxad fgene expeession inresiristedite sndometral expeassion,

ei ther di ry 1ndi . 0 F1JRTY ' 1.stry or
by 11 ow &0F ot deRf el Bsfhuifiodlo dediFica Rl Al SEHERARY BESFEST, |
expr essi @iology bk Regadesion SADI38dA4S (1998). velTEadeilae ibslawrt agd esltwéd tkngot i C

i o i 1 BROSOBARS ol Sereibiel B AOVA UG B P ECEP B8Pt SUD e fEBi an
tube (oVvidiedehrantiQiptise PolaReaseRERTEAHBN (RTIFRSY) Ushlcgirh&s SHAPEHL H &9,
expereSSI (I)-Ir(]);(aIO, Hoxall gene sequences.

MTE cells of this invention may also be characterized by their sensitivity to
different hormones or compounds. Miillerian Inhibition Substance (MIS) is known to
cause regression of Miillerian ducts in male embryos. Application of MIS to MTE cells
can cause several cellular morphological effects that may be observed by phase contract

25 microscopy. Alternatively, expression of MIS receptors may be modulated by exposure to
MIS. Receptor expression may be assessed by flow cytometry with MIS receptor-specific
antibodies. Hormones such as progesterone, estrogen, or luteinizing hormone (LH) can
affect MTE cells. In female embryos, exposure to progesterone and estrogen causes
differentiation of the Miillerian duct into uterus, oviduct, cervix, and part of a vagina.

30 Upon exposure to LH, MTE cells may be monitored for cell morphological effects by
phase contract microscopy. Alternatively, proliferation assay may be used to monitor cell

growth in response to LH. Yet in another alternative, MTE cells can be stained for markers
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and Hoxal | gene expression is restricted to endocervical epithelial cells.
Taylor H' S. et. al. Biology of Reproduction 57,1338-1345 (1997). MIE cells
are isol avedi/zmds cul tured using the nmethods di scl osed heper/msanmossot al RNA
is extracted from MIE cells and subjected to reverse transcriptase

pol ymerase chain reaction (RT-PCR) using primers specific to Hoxa9, 20
Hoxal O Ispecific for gemime seetuicalceadudiiibocelgiml ofsuehasd amlyead bgn may al so be

characteri zed €‘¥ tgﬁe{lij.r sengitivity to different hornones or conpounds.
Mul | er i an™PHRPBFOF 1GEH 8t BN "é‘)yl s known to cause regression of
Mil T'eri an ductygilidtial®abt HRAENATellSPithisGatdn®on afe dvhintaifkdYA Be/afl-frée meaa cause

several cellular norphol 6gical effects that may be observed by phase
cont r act aps stagetheseambe. des¢ribed maprerdétormingpMiidlsriandust-drtie:d siatepBesal celly be

noduyl at ed _hy. exposure to S.; Recept or..expr.essi,on..my be.assess by flow
it Rt Rt S R R e S e e

pr ogest ebemged ©ulte@ahe Milletitit &hdticpitheliad 01GNSirkd. HMiilléerian @dct epithdMicetie! | s.
In fermal e enbryos, exposure tq progesterone and estrogen causes

di f f er entof #tis Biverffon hpare (e qappgityrfo g Prssagedbmyltipleimesip the prefered serym- and
part of | r : | i for
el mor g el méde A EE BBt Mbftpblcho} reich Sullfy o FRGEL S04
prol i f er ahy poinaafer\cactbyasbageySHidletian tracticpihelmétélls of titwidvention esponse to LH.

Yet. in angother alterpative, ME.cells can be stained for markers _ 16 WD
01/ %zgsgﬁtéerf@myniwggsuor@bﬂﬁlel} fiB‘Ft'“f‘?PéP‘? FRA: 3&?&%&% 2t Ry peigtafier or
vagi nal Teh%&g%?ﬁlﬁﬁ@ﬁéﬁ’&&@ eﬁYhelibﬂEEl‘l@%ﬁy%qug@H% &t ﬁﬂmﬁx’ioéehowr gyionetry.

Mul lerian tract epithelial cells of this invention are mai ntained in
ser um f r ¢eeraplifer bieassays stoagablishas hwaan Mailldesrcdudbderivesl podeldert for diuged

MJ | eri an. duct - de i'\F/T@d E}tate B(§503| é?llgl_' 5 sustaining nedia or the

pr ef er r e SOYTY BRY OhEH PRt RS Ea°¥EEf M or conditioned nmedia may be used
to cul ture thexddkher ehdradterfistRGf tePMiilletiArbdract pitiselialcells 'of ehis Mveht@dr igfhd r act
epithelial cells of this invention have the capacity to be passaged

nul k5 pl e cepasity to differrtitedpionyterines eeryieal, pridactal;of veginal welds epali scl osed

her ei n. ' LSy, ' ' . -POI

artor cadhnBRAEA e R e O h LR RREE BN ot ATEBRL .,
10 di f f emengroaihedn monholalem ahd drealcoMinedrwitinmdsenthylealitisek anel glaced lundaddi ti on,
at any poinpt afte each passage, | lerjian tract epithelial, cel|]s. my be
used as AHIEMTERRIGA 2 fFSP{%BbWF%W%ZB%?ﬁV?bIV&F“Wng@%%{ s Cuigteda| cuh 2
human M |ag§{egétes S ebmBtll Wt APASkLeni M eSencHIMAl tisShSHRVALIARAECthe

devel opment as di scl osed herein.

20 kidney capsule of a recipient mammal. A portion of the transplant may be removed for

analysis using the markers, morphology, or a combination thereof to identify the Miillerian

duct-derived cells and cell differentiated therefrom.

Uses of Miillerian tract epithelial cells

25 Uses as an immunogen

A use for Miillerian tract epithelial cells is as an immunogen. As disclosed in this
invention, the unique serum-free culturing conditions allow the cell surfaces of the .
Miillerian tract epithelial cells to remain free of serum proteins or serum biomolecules that
may bind to the surface. A potential problem of antigenic sites that may be “masked” with
30 binding by serum biomolecules is avoided by using the disclosed serum-free isolation and
culturing techniques. Accordingly, a panel of antibodies may be generated to newly

available antigens that were “masked” when using culture conditions containing serum.
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Anot her characteristic of the MJlerian tract epithelial cells of this

I nvention is the 15 capacity to differentiate into uterine, cervical,

ovi duct alwoor/75eeg)i nal cells upon transplantati on under kpdnegoicmpsul e of a
recipient mammal. MJlerian tract epithelial cells are grown in nonol ayers
and then conmbined with nesenchynmal tissue and placed under a ki dney

capsul e Milderraaciapi eprithelicl raid isolatedfand @bltyred Iwithethe MdkHoels idanlobedledreiapat hel i al
cell ﬂ)rg]g({es are conbined. wi.th rat urogenital nesenchyzg%_at l.ssue and

ol aced uRa&Fed ganprmiggen teahjsadminisered tp GelsrlReohiRrRIn FHIBHOBE t he
transpl aFHfl\)F’PEcQPst%H‘?M%nB?éncﬁ%‘a)é@éﬁ lisHeA By sBRrATRAMRER, MRhORAIOTY, or a
conbi nation thereof to idenfify the I\/UI erian” duct-derived cells and cell
di f f er entadeimstrating™dTE galls mesnmfogm tioeirheemoltogam regipienhisclude bokdresiot 25 Uses

as n A use for ract

minogen i i gl Adrpinirefih ot £ bmBRnk 85 dhbenEoloePorsh of Sulhing ur f ng
condi ti o s@hicﬁw?peh@tug ldmigistritanas Micoumembrdéltyeietaddl, bhd6tal epi t hel i al
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20 cell suspension is prepared therefrom for use in the fusion.

Hybridomas are prepared from the lymphocytes and immortalized myeloma cells

using the general somatic cell hybridization technique of Kohler, B. and Milstein, C. (1975)
Nature 256:495-497 as modified by Buck, D. W, et al., (1982) In Vitro, 18:377-381.
Available myeloma lines, including but not limited to X63-Ag8.653 and those from the

25 Salk Institute, Cell Distribution Center, San Diego, Calif., USA, may be used in the
hybridization. The technique involves fusing the myeloma cells and lymphoid cells using a
fusogen such as polyethylene glycol, or by electrical means well known to those skilled in
the art. After the fusion, the cells are separated from the fusion medium and grown in a
selective growth medium, such as HAT medium, to eliminate unhybridized parent cells.

30 Any of the media described herein can be used for culturing hybridomas that secrete
monoclonal antibodies. As another alternative to the cell fusion technique, EBV

immortalized B cells are used to produce the monoclonal antibodies of the subject

18



manmal i an subj ect including humans or anti body producing cells therefrom
can be nmanipul ated according to the processes of this invention to serve
as the bawdei1/fmes producti on 15 of nmammal i an hybri doma cel PCT/UR®$10998
Typically, mce are inoculated intraperitoneally with an inmunogenic
amount of the MIE cells and then boosted with simlar anounts of the

i mMmunogeinvehtiomnThd hﬁjmiatn'ay are exphndedgind wnbaenedpif-desicddo gndsipematdntseaie

matri x, are ca | ant ed, i ntraperi oneal I into the host nmanmal .
Lyrrph0| da&%V?‘i%rgP%T"é‘Pé’BP? as“fBiVE)éHyF %’E‘ e@mugo SORPREIUSSIE S ar e
col I ect e@'acﬁo&ﬁmrﬂﬁys%yaé&z%eﬁmlﬁlb&%y,l&?ﬂ%breémc@nﬁﬁuﬁ@dskaﬁ uspension is

prepared therefromfor use in the fusion. Hybridomas are prepared fromthe
| ynphocyt es  arklybiridomas thiat medumbbmllmihdssnawlm grgwnlie vgmwrtalvzvsonmgl c cell

h br di zati on techni que, of Ko M st Nat.ur e
D20 5105 1995 eriter o Fnpotel anthadebadl neisSiufby gism frs Shtiee shet b
18: 377- 3%ddy f148] byddneRiRhDifEntidp@Sbulin patiadatie: f2béedifs shétms @inbsium

X63- Ag8. 653 and tHose fromthe 25 Salk Institute, Cell Distribution Center,
San Di egsulfateprecipitatisy, gehelgctipphoresis, dialysisechrompioraphytand mitrafsatians Hni que

I h
ns ol y o RERAn LS RN G e, Bl JTRREM of BlanidHtlpfing IS 00T, 7112
in the @rdparaﬁbhemﬂddeoxfoaﬁts aiade bﬁﬁleaﬁinhmogéxeamhed ftesblidrphaze did dlutirigon

medi um and grown jn a, selectjve growth nedium such as HAT nedium to

el i ¥ nat &r tRisAsingithe é%@@&?@?ﬂdwééa Qe IMmURRgEHf t he medi a descri bed herein
can be used fef gfulhHA p f&ﬁ,@p% 1e4ues: tibodi es.
As anot her al tanﬁ |veér{% %}% 6 cel | l}fsb:agfﬁs'?(g n| q&gm%hgp@élﬁﬁ&al ized B
cel | s ar Miilkeidn tactapittielcs celllﬂecanrhecgchcraaﬂ uaingithoMidsriaf tradt epshahjabedlls 08 WO

01/ 77298 .RCT/ USQ1/ 10998 The h
subcl onedfis vepl. dace gquaoc\jg,rbaa %ﬂﬂ Sgtoﬁglzsurg%gaﬁis)gg‘{ngé’% efnapﬁﬁ’ﬁﬂogen

activi ty epithdiian¥@RlarOmalle bynhe Wﬁ&ﬁdﬁs@é&@%kﬁi@&hé Shtfbodies hath RvBIALARASSay,
enzyne immunoassay, or fluorescence i munoassay). Hybridomas that produce

sucl ant Thednkodigsympebeseaupnced and elppedior pnmws«:ﬁcpflggnwgn& feqomhinghiocedur es.
The rTDnO t%%esa&thlugﬂg 26§ atqﬁx)dpeﬁ Eﬁ]?ér%rsgs off ergrgalﬁ%ra%%ﬁlfﬁr alrE%Hl §e01ﬁc body
conventlon I munogrobuli n pur| I on procedur €s
amm n| u manﬁbddﬁ@tlﬁclpd@ dupart abt limited ), bvl@gital opting asd punﬁbaeiby giles isolating
y, .and ultrafiltration, if desired. Undesired activity if

S?éggﬁ E 0?\@3%?% dpetsyived eﬁlﬂ?eilé%&ﬂfyl fgr exgnnle By fley WHMSIRRRaaningh over
adsor benfnferagﬂzq c Afeside g&é%’tﬁ%%%&r%éﬁ%#@%{e | ﬁggigﬁmﬁ@b@@qo gl ng 10
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20 cell or promoting or arresting growth of a cell mass by binding of antibody to target cell),

biological markers (i.e. identification of other Miillerian duct-derived or non-Miillerian
duct-derived cells), and clinical diagnosis (i.e. identification of cancerous uterine, cervical,
oviduct, or vaginal cells).
Another use as an immunogen is to modulate overall immune response in a

25 heterologous recipient. As is well-documented in the art, foreign substances such as cells
or organs introduced into a heterologous recipient may induce a variety of immune
responses. The immune responses can be in the form of rejection (e.g. in organ
transplantation), T cell activation (e.g. cross-priming), anergy, or tolerance. The overall
immune response can be systemic or localized. In the case where a localized immune

30 response is desired, for example in the gonadal region, an immunogen such as Miillerian
tract epithelial cells is introduced into the gonadal region in an effective amount. Effective

amount can be determined in a stepwise fashion in which increasing amounts of Miillerian
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20 epithelial cells into uterine, cervical, oviductal, and vaginal cells. This approach may be

useful when neogenesis of uterine, cervical, oviductal, or vaginal cells are desired, for

example in cases of partial and complete hysterectomies or tissue damage.

Uses of Miillerian tract epithelial cells for cell therapy

25 In another use, Miillerian tract epithelial cell lines are used for cell therapy.
Transplantation of Miillerian tract epithelial cells and cells derived therefrom is one such
example of cell therapy. In cases where mature gonadal cells such as uterine, cervical,
oviductal, endometrial, and vaginal cells are desired, Miillerian duct-derived cells of this
invention are useful because of their capability to differentiate into uterine, cervical,

30 oviductal, endometrial, and vaginal cells. To practice this use, Miillerian tract epithelial
cells are isolated and cultured in serum-free, nutrient-defined media using the methods

disclosed. Miillerian tract epithelial cells are grown on tissue culture containers, either
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10 isolated and cultured in the disclosed manner, the Millerian tract
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i nvention are useful because of their capability to differentiate into
uterine, cervical, 30 oviductal, endonetrial, and vaginal cells. To
practice this use, Miullerian tract epithelial cells are isolated and
cultured in serumfree, nutrient-defined nedia using the nethods
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combination in a stepwise fashion, by first isolating human Miillerian tract epithelial cells

using the methods disclosed herein and then combining with mesenchymal tissue from
different organs. In some embodiments, a different species, e.g. rat, is used as a source for

25 mesenchymal tissue in combination with human Miillerian tract epithelial cells. The use of
heterologous species allows human-specific markers to be used to determine the identity of
differentiated Miillerian duct-derived cells. The likelihood of false positives is reduced if
rat mesenchymal tissue is used. Likewise, the use of urogenital mesenchymal tissue over
Miillerian duct-derived mesenchymal tissue reduces the likelihood of false positives in

30 identifying differentiated Miillerian duct-derived cells. A graft recombinant comprising
Miillerian tract epithelial cell spheres placed on mesenchymal tissue is cultured on a soft

substrate, such as agar, preferably about half a day to about 3 days, more preferably about
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SCID (severe combined immunodeficiency) mouse. This human Miillerian duct-derived
model can be made by utilizing the human Miillerian tract epithelial cells isolated and
cultured with methods disclosed herein and using the human Miillerian tract epithelial cells
to make graft recombinants. Graft recombinants are then placed under the kidney capsule
25 of mice. After about 1 to 10 weeks, preferably about 6 to 8 weeks after implantation under
the kidney capsule, the graft or portion thereof is harvested and analyzed by
immunohistochemistry. Cell surface markers on Miillerian duct-derived cells that may be
used include, but are not limited to, CK 1, 5, 6, 7, 8, 10, 11, 13, 15, 16, 18, and 19 and
vimentin. The anti-CK antibodies or anti-vimentin antibodies disclosed herein are used to
30 analyze the efficacy of the tissue model system. Alternatively, markers specific for
receptors in differentiated cells of Miillerian duct-derived tissue such as estrogen receptor

and progesterone receptor are used. Yet another way to assess the results of Miillerian tract
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ur T ace. FaHeRLCAS: PEPtHgrmictel Bisstians CHOS Lo L SO INE el Fan ¢ r act
epi thel i gkast Bld-Rybrill §sRAS SPibeins from Miillerian tract epithelial cells can be used to

20 identify other unknown proteins or other cell types that interact with Miillerian tract

epithelial cells. These unknown proteins may be one or more of the following: growth
factors, hormones, enzymes, transcription factors, translational factors, and tumor
suppressors. Bioassays involving Miillerian tract epithelial cells and the protein-protein
interaction these cells form and the effects of protein-protein or even cell-cell contact may
25 be used to determine how surrounding tissue, such as mesenchymal tissue, contributes to

Miillerian tract epithelial cell differentiation.
The following examples provide a detailed description of the isolation,

characterization, and use of Miillerian tract epithelial cells. These examples are not

30 intended to limit the invention in any way.
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The Mullerian tract epithelial cells disclosed herein can be used in
various bioassays. In one use, the Miullerian tract epithelial cells are
used to deoermizee which 10 biol ogical factors are requi rpdTAS01/10998
differentiation. By using the Mullerian tract epithelial cells in a
stepw se fashion in conbination with different biological conpounds (such
as hornones, specific growh fact EXAMRIES, one or nore specific

bi ol ogi cal compounds can be found to induce differentiation to uterine
cells. Enploying the sanme stepwi se conbinations, one or nore specific

bi ol ogi ¢ HxamPMPOLBRL6AR L BRilleAbN Hadt@pithdliatelkd differentiation to oviduct
cells and TiKewi se for cervical and vaginal cells. OQher uses in a

bi oassay for Miullerian tract epithelial cells are differential display

(i .6 nRNA di fHueanfetahMiilkdrigpHagt tissuedfjgestateonal pgoobetiveen hi tr 2hcweaknsvensi ng
secreted oteins from Mylj.erian tract iithelial cel Profein-protein
"t er act IOBAGE 4P AdERGER HifReirte APl A BS Grepa Calputiag AT SR | o
system RO BhéarfivedMblleriah daéts WepCdlefRt ofiekdeds coifflebBvecdBudiCatib &l ift® 20
identify other unknown proteins or other cell types that interact with
Ml | er i asmeH segmendpvith@| razgr blade|os a pri e scisiornhawvder gissacting ¢ migipsenpeone or
nore of the fallowng: L fact 0 S...en .tralnﬁcri tion
factors, tran?ihgtg %%)nrllats %t@%l}er%ﬁ&%tﬁ%)& éa?ﬁ%%%%s%ééﬁ |dolgsasaysuslsﬁevol Vi ng

Mul1er i arultir@@lasie pThd@lliugé mediuhswadserih €rep FARAMEM elipplémertéd withéisubn t hese
cells formand the effects of $>rot ein-protein or even cell-cell contact may

25 be usdi0 pg/miptapsferin @ Oue/sml). rotasephegol(Pug/td), and eprofigingSHehahyatdl °€i ssue,
contri but b i t Lt heli i r. i ation.

Forl ow ngidsYepdNd SdcRfeht Atk SR MR, The Epielfl (oiRiFMd Bpnehs of 1%

char act erduziaprsiferatdemipeated, alvll be&imesditathiedicto thpplasted dudface dhrirg thd fies e
exanples are not. 30 intended to limt the invention in any way. 23 WO

01/ 77298 “IekpP e. c pseamaptsiomed gnclesed dilated eysts flestingint r act
epi {16l | ghe Gt omediATMofiSirtle dhd LeBhicAR reliGiel P QFeRlond ThE BhRNE a0e
between 17 to 25 weeks were obtained from Advance I 0scl ence Research at
Al aneda cellsthyt ati@alhddfto flasla prodidersiwd to frism latge colomsseThasize efttic cdloniel er i an
ducts were cl eane f excess connectiye tissues, .and_cut_int smal |
Cogront < TR SRR L Sy Egamster A gt 2 Sreekd P B shin i tels alipt g &

M cr oscopgbcultlfRdTBOP@Pagatioh. the Millerian ducts fromeach sanple were
plated in a T75 tissue 10 culture flask. The culture medi umwas serumfree

F 12/ DVEM suppibegelenied ohMFE rellsuvgrp treated with 0.1% (by volume) collagenase-
20 dispase. This enzyme mixture detached the cells from the plastic surface while keeping the

cells in small monolayer aggregates. After the enzyme was washed away with nutrient
medium, the MTE cells were plated in nutrient medium at 1:10 splits. Thé plating
efficiency was low, but a fraction of cells became attached in the first week after subculture
and give a confluent cell culture within 2-3 weeks. The culture medium was replenished
25 each week. Basic fibroblast growth factor (FGF) and forskolin could stimulate the cell
proliferation, but the growth factors appeared to shorten the life span of the cells. The cells

were passaged in this way for 4 to 5 passages.

Example 2 Characterization of Miillerian Tract Epithelial Cells

30 Under phase contrast microscope, the colonies of cells grown in the primary culture
were identified as all epithelial cells based on morphology. The cells kept in close contact

to each other. The cell morphology exhibited by MTE cells were of two types. One type
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(10 g/m), transferrin (10g/m), a-tocopherol (5g/m), and aprotinin (5
gg/m) at 37 C and 5% CO2. No attachnent factor was added. The epithelial
cells inwhel/srgents of the ducts proliferated, en gratedr/vaeidiobscane
attached to the plastic surface during the first week of primary culture.

Sone of the se%rrents formed encl osed dilated cysts floating in 15 the
cul ture measiagight gpthelialfcelivelany { shownsimgrgme $A). e hladsa MITE nelésugdensind activEne

elthel|a cel.l s ha ched to, fl.ask roI| r
oPl ot e Selkips TR RS RSk oy ol Al S8y MIThalRidR o,
about 2 \&Bﬁhk&omé\lhkb b@tictideSBshoWagn Ei@Ltes] B, Qidifatb®by SOWS) Uﬂfe%n{eollike

propagation. The colonies of MIE cells were treated with 0.1 % (by vol une)

col | agena¥ucturs indignedthatithe M BR selirformsd eqcdusinetisndiions befeveen thesadjacent t he
| |
BT UL M SRR R AL Sy Ml I\ PIRLOGRE 8P 2°,., o

pl at ed i nddition) thetelvaduldfoah alseddhdSlpj'ertoﬁ‘ roubldecefi$ ait thegop ef theboetomylaysas | ow,
but a fr t|on of c&jl I z,?bec W&lhed in the first week after subcul ture
P %raé

and gi ve BAtaBATEH & sfic & d5n#ty2- 3 weeks. The cul ture medi um was
repl eni shed 2ogagh, 1'1(910%}5 %&Neaﬁas%@malé fth Q's H{o%@%ut ith
forskolin could sti Iateth eration ut t r owt actors

appear ed stendetmocesses t($howni 1hé'1g31pal”C))fThlheelbmbmolo'gbtewas@ﬂdosobsmeénpassaged in

way for 4 .t Ch cterlztlon of | | erian Tract
Epi Cher ) anotmitpalepgnBi 37 SRnes e o AR Bt R i 8 of "col 1<
grown i n pkdabBY dudab M)ecfﬁétttﬂﬁtEMul\l‘&[& dudegive tsetd xﬂﬁn;adybese@etphﬂémaalcemedx ks based
on norphol ogy. The cells kept in close contact to each other. The cell
nor phol o§Yyidsigh uteryseHagiya, padcewiX)s were of two types. One type 24 WD
01/ 77298 PCT/ USO01/ 10998 was a tight epithelial cell colony (shown in
figure 1A). These MIE cells underwent active cell division. The MIE cells

appear ed Bxampk Shﬁhhnolﬁﬁto&ﬂeghst@emhﬁx)g oft MEENIdsdet Ctokerating 4hd Vidddiitin
donge-li ke structures shovvn n.figure 1 B, 1ndi catﬂeld by arrows(%ib The
Y

don® | i ke st %ygg cylpuescofMAERHe WerdDigre sy Pathidh parafoseeldghydecor
junction HYWRRR o I . d
protein ?prlg 1t he h%ngm%gfé%n&%(fﬁaﬁlgh%gﬁéegf. I'n éealgma?, :I%Eix%tﬁ Iéﬁlce Oﬁétgul d
form a seZbdegréesfesisius for abmul Seetdrsls and albevtdio aif driy hd fleothtedimakisy ems t hat

ttached to, t I ti f t, hi gh jty... Th th f
mor phol og LB R aospie B0 et EBShabe Yets ere b fiee SRy,
processesn bRARNE buffed (SYEat derfdn bl (51%ElW eeAPORA PBSY Yorv@surd BRiRREaersed i n

20 in primary antibodies for about 1 hour, and then with anti-mouse Ig-horse radish peroxidase

for about 1 hour with PBS rinses in between the steps. The primary antibodies used were
anti-cytokeratin clone 4.62, 8.12, 8.13 and anti-vimentin clone VIM 13.2 from Sigma at the
dilution recommended by the supplier. To visualize staining of MTE cells by the
antibodies, the MTE cells were incubated in peroxidase substrate DAB/H,0, prepared from
25 Sigma tablets. Brown colored product was the indication of the presence of specific
antigen (Figure 2). Staining of cytokeratin in the MTE cells was much stronger than

staining of vimentin in the MTE cells.

Example 4 Detection of HOX Gene Transcripts in MTE Cells

30 Immature Miillerian tract epithelial cells express all three HOX genes, Hoxa9,
Hoxal0 and Hoxal 1. Taylor H.S. et. al. Biology of Reproduction 57,1338-1345 (1997).
Hoxa9 is restricted to the oviductal cells; HoxalO is restricted to endometrial cells; and
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10 endonetrial epithelial cell cultures derived fromadult human
endonetrium This was probably due to the fact that MJ I erian duct give
rise to maoy/tppes of epithelial cells (i.e. oviduct, utepeDFsSovmgIsna, and
cervix). Exanple 3 Inmmunohi stochem stry Staining of MIE Cells for
Cytokeratins and Vinentin 15 Monol ayer cultures of MIE cells were fixed in
situ w t a3 basreftoctad kadatipdervical epithiobaltcells. Hmutest thd ¢xpresatonveditye Hoonol ayer

| t f ' b j it h. et | at -20.d Cel si f
Sbout 5 BRI SA S Beat eeb AP PSR Fasders 3 HGENAS S vashed away
wi th-phosapitied BYRTEPER sl Hisk-&RBSic prik@s CPhE privBisaskdauRat ed sequential |y

in blocking buffer (5% goat serum and 0. 1% Tween 20 in PBS) for about 30
m nutes then 20 in primary anti bodies for about 1 hour, and then with

ant i-- nou | g-harse radi sh _peroxid for abqut 1 i P rinses in
bet v?/een t oé(ag'taé:g%g.agﬁlﬁgtgﬁgt %af%ilcpaﬁ%e}ag%gaﬁlctgga%?gg wer e%%%@?o@ atin clone
4.62, 8. Hbxa80:lgcapadcatddhbgadp e ndndn tgdgansrovbddagpl f (SEQ 8D NOS:a@-4) he
dilution_recommended by the supplier. To visualize stalning of MIE cells by
the ant iﬂ%‘éib’é‘i“’gﬁ%%&g&a | pRd ategcgtaetolstanageti n pefdR H&@g)%lﬁo@trate

DAB/ H202 prepared from 25 Sigma tablets. Brown col ored product was the

i ndi cation of the presence of specific antigen (Figure 2). Staining of

cyt okerati n i ThePE€RVitedoes vsreseparatedionst 2% ngansd geiand gied CR bandsfware ment i n

in the ME cells. Exanple 4 Detect.ion. of X Gene Transcri in MTE Cells
30 Wnmat QFIECHARY SPRiRE eqerross et dhiiun Porads Aluhaiies ADXefex genes,
Hoxa9, EHES!?@OH%RQI djaxdHokal 1) VErOExpreszed BY M celBI (AR inKiguRe 9{. qglgction
57,1338- 1345 (1997).” Hoxa9 is restricted to the oviductal cells; HoxalO is

restri ct eebultovas confameddiyl in;sitampbridization. 01/ 77298 PCT/ US01/ 10998 Hoxal
| is restricted to endocervical epithelial cells. To test the expression of
the Hox genes, total RNA was extracted from MIE cells after 5 passages and

the RNA BxampRPIUsk o€ M T cdRE-TRCE nefdting atikranIRShd h6dd) ok BEIl therappe pri ners
used were: 5 Hoxa9: accag%g% ggtcggi gat and agaggtiacctggagacgat. (SEQ I D

NOES 1-2)  HoMlEcellshagypated fram mogakay eiculiveestadiand passagss Jeaig eamgbinespoh) D
NCS: 3-4 : . SEQ ID
S T e S U e L O
bands wereonmbinaietvestidthrdd/ors bgar platey fohaeppagenmasty 3¢ howrs t Theeddfiedli thergdafiom de.
éle: | tsh((asfﬁcg{gfp%ix}?%)g %F:] grgg 'tlég)ﬁlggér tﬂg iél%lng" ca%gu eliir?)x(lg e Js?evevrveezgmgx)x(lgcrl essed by MIE

immunodeficiency or SCID) mice. The implant was allowed to grow for about 2 months

20 before the graft recombinant tissues were excised and analyzed by histology. The result
showed the MTE cells formed structure that resembled the endometrium or oviduct (Figure
4).

26



result was further confirnmed by in situ hybridization. Exanple 5 Use of MIE
cells for generating a human tissue nodel or cell therapy 15 MIE cells

har vest edvdnomeonol ayer cultures after 3 passages were cpabhusediovsst h rat
urogenital sinus nmesenchymal tissue to nmake tissue graft reconbinants. The
graft reconbinant was cultured on agar plates for approximately 24 hours.
Thereafter, the graft reconbinants GBAEMShpl anted under the kidney capsule
i n nude (Vgﬁ:ver Wl ned imunodeficiency or SCID) m ce. The inplant was
al | owed t ﬁﬂ%@ﬂ Ybout 2 nonths 20 before the graft reconbinant tissues
wer e exci sed and anal yzed by histology. The result showed the MIE cells
formed structure that resenbled the endonetriumor oviduct (Figure 4). 26

WO 01/ 77398 PdaTsubstatialhomge popyiatin ofilvanan Mild¢rznrdugt-derived epAh@mlbgelhsnt ially

| d hel j | | wh
o @ o VB eI ERR g e e S TS B BRUPEN pafBife " capact ty 1 0

di f f er endifférentiatd imtdititefihd) ®vidovial] kefvadal, mdrdgimal celland vagi nal cells. 2. The
MJ | eri an duct-derived epithelial cells according to claim1, wherein the

MJ | erian duct derived epithelial cells are maintained in serumfree nedia.
10 3. The | heri Ko iln e I aim 2,
wher ei n the I(%I(e Il\grﬁll an gﬂgttc{ér\é]rg? eﬁlgﬁée’h@ ac&ﬁbxhg t‘?‘gﬁ%?h?g?rhlec}ﬁ é

ser um f r ddiilleedh ductedegivad tpichelipl eells pret reaihtanoddan serain-free shiediher enti ate into
uterine, oviductal, cervical, and vaginal cells. 15 4. The MJlerian

duct’- deri ved epit heI ial cells according to claim3, wherein cell surfaces
of said WU | e"I'h@Mﬂ!b?fanGﬁétLdé’?i%@%ﬁH}ﬁhl &e'lls‘é@édr&ng"t@clﬁﬁlpg@Hérbﬁﬁlth?’ free of
serum bionol ecules. 5. The Mullerian duct-derivéd epithell al S

accor di n@ddltﬁr@ndumdbrwﬁeplélehamlld ninthiked mseamnd‘mctm@ba rewaanltI@pl t hel i al
cells are,identi b he..expressi on of. | east one, cel.| rface
mar ker . glunpﬁg “k/PJ?tF%‘H?%Xﬁ{?E‘?maér‘P et PW&P?% c%r&clag %%X%%“&ﬁlﬁa Yo claim
5, wherein said cell surface marker is a cytokeratin. 25

15- 4. The Miillerian duct-derived epithelial cells according to claim 3, wherein cell

surfaces of said Miillerian duct-derived epithelial cells are substantially free of serum

biomolecules.

5. The Miillerian duct-derived epithelial cells according to claim 1, wherein said
20 Miillerian duct-derived epithelial cells are identifiable by the expression of at least one cell

surface marker.

6. The Miillerian duct-derived epithelial cells according to claim 5, wherein said cell

surface marker is a cytokeratin.

25
7. The Miillerian duct-derived epithelial cells according to claim 6, wherein said
cytokeratin is selected from the group consisting of cytokeratin 1, cytokeratin 5, cytokeratin
6, cytokeratin 7, cytokeratin 8, cytokeratin 10, cytokeratin 11, cytokeratin 13, cytokeratin
15, cytokeratin 16, cytokeratin 18, and cytokeratin 19.

30

8. The Muillerian duct-derived epithelial cells according to claim 7, wherein said

Miillerian duct-derived epithelial cells further express vimentin as a cell surface marker.
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7. The Mullerian duct-derived epithelial cells according to claim®é,
wherein said cytokeratin is selected fromthe group consisting of

cyt oker atweaot/772¢8t okeratin 5, cytokeratin 6, cytokerati nP@T/Usytohesr atin 8,
cytokeratin 10, cytokeratin 11, cytokeratin 13, cytokeratin 15,
cytokeratin 16, cytokeratin 18, and cytokeratin 19. 30 8. The MJ Il erian
duct-derived epithelial cells according to claim7, wherein said Millerian
duct - deri,ved ithelial cells. further. express vinmentin 3as cell . surface
mmcker | 957 vk Mlese et eet Fibsua S8l Siehudingiy e whee i Ve

epi t hel | §hiilfefiah AuSCHPFEd BEitHeflaldells Rhtd a WOSHIIdLySHipdly gWHAIl sBapearepitHetaider i ved
epithelial cells have a norphol ogy of pol ygonal shaped epithelial <cell. 5
10. A nec¢lbd of isolating a substantially pure popul ation of Millerian
duct.-derived epithelial cells, conprising: (a) mcrodissecting a source of
human fetal Millerian duct-derived cells; (b) placing the source of

Mul | eri anpduct - dgmheétksl efikdlagid Asubsrhlislly purs popuTutidresr MBl1etn' diR B HeriRAl a
under culture conditions sufficient to sustain said Millerian duct-derived
epi t hel i &pithedia] eellgeamnrisinghe serum free nedia contains nutrients consisting
of insulin, k Ll a-1 0l I i ninsg. € i.nt ai ni ng

sui tabl e cul t&@gﬂ%goﬁré{s%ﬁglﬁgd sté)&fccg r%??l[é%[antf %&yﬁfgé&?@h@c&dﬁ%pi%ﬁé’of Mul | eri an
duct - deri ved ¢)lplacifig thersbiree sONMitleriad didiidesivedepithelisl-odls inveeurgdtdes i nto the

15 serumfree nutrient dia; (d) maintaining suitable culture conditions
suftfh ci eRBUrIeRt BRGNS ﬁeﬁn@&efs SYBFRTER SEgRinsa : PB?raﬁnrﬁﬁ%F%d
col oni esepiandgiaf E1sSHHFh tHE seRih-FRE theAPNQUndAY n&H%rﬁQ&@r&is?iH%BPirﬁ{el{i‘?,gl cel | s

substantially pure population of MJIlerian duct-derived épit
20 11. Atmmdftronh, oftogopherodiand apraginu;ce of an i nmunogen to a het erol ogous

recipient, c ri.sing: admnistering.to said recipient. a plurali of
huran MU | er i _Z%pna%}e&a_vﬂ%& Fghle " FoPden lg{eatstorgbew%nﬁeféwrap Y1in an
amount  efffifehiaN Qultered 68153 brh PELEAEr e ST RPN’ iah QuctSdired €QiAhRThe

15 serum-free nutrient media;

(d) maintaining suitable culture conditions sufficient to allow Miillerian duct-
derived cells to form monolayer colonies; and
(e) subculturing said monolayer colonies to obtain a substantially pure population of
Miillerian duct-derived epithelial cells.
20
11. A method of providing a source of an immunogen to a heterologous recipient,
comprising: administering to said recipient a plurality of human Miillerian duct-derived
epithelial cells as recited in claim 1 in an amount effective to induce an immune response in
said recipient.
25
12. A method of generating human tissue models of Miillerian duct-derived cells in a
non-human mammalian recipient, comprising: administering to said recipient a plurality of
human Miillerian duct-derived epithelial cells as recited in claim 1 into said recipients,
wherein said Miillerian duct-derived epithelial cells are first maintained in serum-free
30 media and then administered at a location within said recipient, said location being able to

support growth and differentiation of said Miillerian duct-derived epithelial cells.
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25 12. A nethod of generating human tissue nodels of Millerian duct-derived
cells in a non-human mamal i an recipient, conprising: admnistering to
said reciwbent72e8 plurality of human Mill erian duct-deri vedr/@pit/toeds al
cells as recited in claim1 into said recipients, wherein said Millerian
duct-derived epithelial cells are first maintained in serumfree 30 nedia
and t hen 1ddm W siethoddf atovadihg calt therapyitd hirecilsiahtdccvmp:ﬁqﬁmgaradmirﬁa'eﬂng twcsaid on

bei ng able.t.0 ro d.differentiati aid Mullerj

duct - dor rorakiows iRk P Hidsiapd s e s rbalDes o0t if SR L hod
of provi ghhGaiagkdi Feﬁﬁlizﬁé})émts@xd%ﬁﬁ&idﬁ'cﬁﬂ{ derPRURRIIALIRY celaT® At bRIWG O said
reci pient a pl ura?l ty of human Mullerian duct- gerl ved epithelial cells as

recited iserugl-fieermediajand sheneddehinieterqgl aémlomenevlﬂnmssalfélrdmnlm,rsaadwlodmm deri ved
epi thel i are fjrst Ser.um i stered
at a§ll ocg’Fmér?LLﬁ‘Pﬁ“PPO %‘”8‘”?*2 wgﬁ'ﬁeml ae&@[l H%“%l %uépﬁ Ieé’atg%?agupport

growm h agdlglifferentiation of said MJ I er| an duct - deri ved ep| t heli al
cells. 14. A nmethod of providing a source of Mullerian duct-derived
ti ssue-specific biol ogi cal conponents for pharmaceutical devel opnent of at

o2t on 4 U GRIRIT oAb el e B4 ROMM 6P P AP 2
duct - der icomgomgmitd foe bha’maceltical davelbpynepesftat dast dre dreg temprigngdsolaing the get s
of t he dru

under devel V|d|ng a .source of
nuct®i ¢ Repelatio ‘5?‘6‘?%1 Malley Cfa'ébéfrrb‘ffﬁﬁmthgfa? calgs %‘sla?% BHABFAid| ng:
i sol ati n%ﬁl}é‘fﬂaﬁ'dﬁcta&érﬂéd antﬁé'hﬁi @éu@%r PRt Bﬁhgegimh bt & tsc&f@ﬁe drqgé' ved

epithelial cells as recited in claim1I and using sal nuc ic acid
pr ot ei ns uaderglewelopmentor e of the princi ple conponent in the bioassays. 29

15. A method of providing a source of nucleic acids or proteins for development of
15 bioassays comprising: isolating nucleic acids or proteins from the human Miillerian duct-
derived epithelial cells as recited in claim 1 and using said nucleic acids or proteins as one

or more of the principle component in the bioassays.
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