WD 98/ 06827 ) A _

PCT/ US97/ 14391 METHOD FOR | MMORTALI ZI NG CELLS Field of the Invention This
invention relates to the field of cell inmortalization and the 5 use
of cells a¥O%89868270i rs for virus growth and reconbi nant pr ot BFFUSKHI4ELL; on.
In particular this invention relates to the use of the protein p53 under -
the control of an inducible pronoter to produte imortalized cells.
Background of the Invention Many avian viruses used for the production of
avian and animal 1 0 vac CMETHODRFORIMMORTADIZINGYCBRLS] chi cken .
eggs or primary chicken fibroblast cultures. Exanples of animal vaccines
manuf act ured usi ng these chi cken substrates include Canine D stenper for
dogs, Marek's disease vaccines for turgeeps ftﬁg‘ixgd‘iﬁm Fow Pox and

I nf ecti ous: Bursal Di sease vaccines for pou?try. rimary cell cultures can
be highly variable and preseThisanventiin eélatkbto the fieldof ¢l inthoRilizalion and the
endogenous viruses, mycoplasmas, and the |ike, Sources for animal tissues
from whi ch the priusgof celis as resarveirscior yirus growth end racombinant proteiniexpressign.

rhte There i a TgR R ARptan eRPs RTlbe ECH e buBiR? R it
virus-free i mort gifaadasucdie ﬁfdeftosp@aﬁéﬁhﬁﬁoﬁilﬁkd@éﬁs.sm table for use in

20 t he manufacture of animal vaccine products. The availability of
wel | - characterized i mortalized (iBeckgroundiofdhe Bjventioh | i nes has the
benefit of elimnating or reducing, the dependence on primary ani mal tissue
cul tures which are poorly cotapyayiag iRg %eg%%n %‘ﬁ'ﬁﬁ%@ #yian ppd

vaccine in try, J28H r ﬁgﬂiir' @Eﬂé@: @51&4 ngj.st ency
and pote_ncgtb;re dr‘fw ng@é@ﬁfoﬁ g:orrlﬁr;anl _ gerdpcz:;ésigiei%%%f@f |ng'l_3'caisE ijteﬁe best
alternative to thefisrgblagidultiss Hxamplds ofahfigalaggcibesaemefctuiyd wsiig/thess |
vacci ne substrates. Vaccine production cogani es nust have defined

consistent cel|s |ghickenfspbstratesinclpde fanine dlistempanior dogs Magkisadisnage vaccines
20U PN 0P A SAARATI S s BB BT iR FRs
United States and poulepdpiihaly sGiMurésafl behdshly Ral4bly a8 pirsetNS oFt €S are
e O A Mtamination by endogeaous viruess, mycoplasmas, and the lice, Sources for '~
animal tissues from which the primary cell cultures are derived are often limited
and expensive due to the need to maintain animal stocks in a pathogen-free state.
There is a need to develop a reproducible methodology to
generate virus-free immortalized avian cell substrates that are suitable for use in -
20 the manufacture of animal vaccine products. The availability of well-
characterized immortalized (i.e., continuous) cell lines has the benefit of
eliminating or reducing the dependence on primary animal tissue cultures which
are poorly controlled from a quality standpoint. In the vaccine industry,
regulatory requirements for product safety, consistency and potency are driving
25 companies to pursue cell lines as the best alternative to the current practice of
using egg-based and primary cell vaccine substrates. Vaccine production
~ companies must have defined consistent cells lines for virus production to meet
the regulatofy requirements to permit the companies to disseminate their
vaccines. Manufacturers of both human and animal vaccine products in both the-
30 Uni;ced States and abroad must demonstrate that their vaccine substrates are free

from contaminants. The advent of a reproducible method for generating
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2 continuous animal cell lines derived fron1pr|nary ti ssues will énable
manuf acturers of biol ogical products to better control production processes
and i ncrWAx28/06827 product safety and consistency while ul t PERUSPY1I438Yuci ng’
cost. 5 Summary of the Invention This invention
relates to a nethod for transforn1ng cells 2nd cells produced by

I ntroduci ng nucl eic acid encoding p53 under the control of the

met al | ot hi onei n cbﬁﬁﬁﬁﬁxsranimﬂmenhme@ééﬁx&da&mmww tisghes oill enableh

I rmortalized characteristics. In one aspect of this

i nvention a net mmufwwﬁm@l@gxc&prpﬂmtq)beﬁengoxgtrqlmﬁ}uqﬂanprm apd| | s

conprising the ste | ORLN ucl ei.c_aci G rr] der the
control of a net® ?ﬁeﬂ? (%&0 trsafﬁ?( g?(ilf‘?‘}“m %C@&W‘at"igéﬁ“g recting
expression of p53; |ntrodu0|ng the gene vector into primary non-rodent
cells; and selecting foci of cells with popul ation 15 doubling tines

of about @ 6 to about 1.5 popul at i Swmuarylof thelnprentiday vvherei n the cells
are reverse-trariscriptase atlvead are nop-t one
egog! rrent Eﬂe pri mary non? g‘é‘f’ﬁl B’éF?g %WWH’QH%’EFP‘?‘% °ﬁ$%€%r
enmbodi men e r

. Gﬂﬂgg%&@%& acid eﬁc&ﬂ%gsfﬁﬁ &fRHe coitfol BE

cells used in t |S|nv tlonc rom any er o t1 ssues an |na

preferred 20  metalibthibneitnproioterdntol the eells ankitsaleoting Eellsnwith immirtalizes,
~breast nmuscle tigssue and/or heart nuscle tissue. In another aspect of this
i nvention, cel| sharastegisties. osed. These cells-are imortalized fibroblasts:

cont ai ni a gene vector ggﬂwﬂgr trol of the

met al | ot hl"onei n pronoter. Cﬁ’g Onagpgéo?gﬁgmh %‘Q dlsrcpﬁg&gé}e avi an

derived. This 'Wfdrﬁihﬂ:ﬁﬁafﬁoﬂ-ﬁﬁeﬁ&eﬁs eBinpeising dic gepyehgosiiioniag

conprising the ste&¢ d contacting at |east one infectious virus particle
acigfe

with at |east ormc neadingpd3 wnder thaconstol Of:mm%ﬁlbﬂHMﬂ"Pm@ﬁéubél | s
of the culture contai ct o ca abI e of | ression of p53
under the contrd*® e‘%ﬁ agﬁ?é%ﬂfgf’éﬁ p%? gpg'“gﬁeé V& ng
virus produced bytd fimas! don-rolient®eRls; and selectmg foci of cells with population

15 doubling times of about 0.6 to about 1.5 population doublings per day, wherein

G

the cells are reverse-transcriptase negative and are non-tumorigenic. In one
embodiment the primary non-rodent cells are avian-derived and in another
embodiment the primary noh-rodent cells are human-derived. The primary cells
used in this invention can be from any number of tissues and in a preferred

20 embodiment the cells are obtained from skin tissue, breast muscle tissue and/or
heart muscle tissue. '

In another aspect of this invention, cells are disclosed. These
cells are immortalized fibroblasts containing a gene vector capable of expressing
p53 under the control of the metallothionein promoter. In one embodiment the

25 cells are avian derived.

This invention also relates to a method for growing virus
comprising the steps of: contacting at least one infectious virus particle with at
least one cell of an immortalized cell cnlture, wherein the cells of the culture
contain a gene vector capable of directing expression of p53 under the control of

30 the metallothionein promoter; and collecting virus produced by the cells. In one
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3 enbodiment the virus is Reovirus, in another the virus is H/T"and in a
third emyoslbgfpdabyt he virus is Fow pox virus. In yet anot heﬂgﬁﬁ&%ﬁ?%ﬁf this

i nvention a nethod is disclosed for propagating virus conprising t st eps
of : contacting at |east 'one infectious virus, 5 - particle wwth a primry
cell; growing the primary cells with imorta i zed cell's contai ni ng a gene

vect or expressin 53, undﬁ{?gt,he .control of the netallotfhionein pronoter in

cell-culture; an8M®8 viysig Regyises, nanathes the wsugis VI and dn a thivd s

invention al so rglabh ? thed WRsti ekl Ofs.transformed cells containing
p53 under the controﬁﬁ%%n ﬂle rrestlgﬁé'?ﬁ?%nel N pronoter and containing 10

at | east one vector capabl dnykt shotiestaspegt of thisinventionnd metd b dizalvsedfort ei n
in the cells. In one egbodi mrent the cells exEress r.econbi nant protein_and
i n anot her enbodpmati‘ﬂv'e“wp‘@ﬁ&di" & stepp of:coutacting at lcp eng nfgctious virus
reconbi nang viru 4 g,?ﬂé BQH%@ BB&.&' '.fmﬂ [ OV |_hal
vect or. Brlsef Deé?:rrnllc%t%la %gET'illji’%r es Ep BéilsWith F ;frueé is a

schematic of vectoutainifghl gencnretbrierpressing p63 naderahidcstitrol of thef métail6thionein

i nvention. Figure 2 is a schematic of vector [err]JFN[err]MID, used in a
preferred enbodi REROter iniaellsulthtes and epllectiog xime praduced frpm ton celf celhuye.

: nm\*/rgp E Lﬁinz_gopri mary cells gﬁ'&sg‘gﬁé&’é{%sﬁﬁﬂ?%g%@%weaﬁ%é%%?@{&%u&hgl y
devel opnent of tesmmmﬂsuﬁ&rm%ﬁomhh&mfmhawq&eﬁo&%d E&ﬁtﬁﬁxiﬁdghat

support viral replication will allow conpanies to save'tine In repeatedy
gener at i n§0pr i mant/leastione vectdr cdpabletafslirehting expréssivm afrecarmbinant protein in'the
contam-nants and i.pcqnsi stencies that ist 25 . between batches of
eggs. Defined | nfiels dniores mmmtﬁ&cq%ﬁxmeﬁmwmmtp@més.m@her

associ ated with gﬁ’l@b{i%en‘fﬁ{g\;e%{qr.teﬁg(ﬁc%eg%ﬁ Hﬁ’ﬁé{@g%a P&Br Dg%a%lfc V{,}ﬁ%ﬁl& yet

i nvention di scl oses Imortali z on 0O non-

cells, in parti cahctherrembodiment the ¥edcto£isld retrodiralyeteonbi nant p53 under the
control of the inducible netallothionein pronoter. The cells are useful 30
for growing virus stocks, for exgBdefdPesgriptionoftheFiguresand as packagi ng

cell linegsto produce r ecorﬁ&&gqtis \éiscr:ﬁle%latic of vector pJFNII, used in a preferred
embodiment of this invéntion. |
| Figure2isa schematic of vector pJFNIICMTD, used in a
preferred embodiment of this invention.

. Detailed Description of the-Invenﬁoﬁ
20 There is a need for a method to reproducibly immortalize primary
cells and generate continuous cell lines. The development of technologies to
generate well-characteri.zed cell lines that support viral replication will allow
companies to save time in repeatedly generating primary cells and obviates the
problems associated with the contaminants and inconsistencies that exist
25 between batches of eggs. Defined immortalized cell lines for virus growth

reduces costs associated with quality control testing of the final products.

This inv_ention discloses the immortalization of primary non- ..
rodent animal cells, in particular avian and human cells using recombinant p53
under the control of the inducible metallothionein promoter. The cells are useful

30 for growing virus stocks, for éxpressing virus proteins and as packaging cell

lines to produce recombinant virus.
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PCT/ US97/ 14391 4 Primary cell cultures are nost often derived fromfreshly
isolated cells fromintact tissues. These cells are often a good source of

virus frXOP8@682Tal and are wel|l suited as host cells for (15597114351
replication. Primary cel.ls are not always efficient at replicating virus
and primary animal cells exhibit a 5 |¥mited life span in culture,

eventual | y undergoi ng senescence. At senescence the cells cease to divide
and die out in a matter of Primesry calheculapes areynast often Herives filomifbshlyrisalatedur e

I s dependent on s al .paraneters.,incluydin he species of .qrigin of the
cell and the-agec‘giéet%?fﬁ %&%ﬁ%ﬁ%?ﬁ?ﬁ%ﬁggﬁmﬁw%ﬁ% t hat o
under go’ senescengtfl SIPduHead! [ -t,,ﬁths : L tinme
10 and t her Eeifaore g‘rmem?lgtv reprg£gg tlcgnﬁg&sfts 5%{6%&3%59\??%%?}1%?{%3
stocks. Prinmary netdlwageefficieht st replitating viroe and primar Afimabeal bpxhibied or e
reachi ng sgnesce ce. l’&e cells of this invention are preferably transfected
with p53 af aboulimiteddifespan ip Gulture, ev JRdargoing SEResEeENcts ALENPCENGE ysed
t hroughout this jnv bo3e 14 GfvRdeSand%i : | S e e i 6f ' in
culture for grea erc P}Egﬁd@g? passagegi.l& urrtrr%lrata |zggh§gq9?@{eaarbgﬁlg%@grlgﬁi I at ed
from transf or meddividd iy cultuie'is depeiidetitcor feveial parameteieihchlinsthelspecies of

immortalized cells display density dependent growh arrest and maintain a
nor mal mor phol oggriginrpfdhsealband the agerpithe dissucashansit was placad i enltuse, €ells s are

o aet a”t o) sl A o8RSienEd P v ahhed ) ki BRPRL B of e 20
i mortalig9d by hieieRifbRUEhbtGRpRuaiBR HUtSbr HGreMH 6¥ini stddks. PRk bl e

nmetal | ot hi onein pronoter into preferably prinary cells. The nuclear
oncogene p53-is oells genetally under gobitivestt 23126 passages befongreachhing sepesvencer par t
due to the fact at tafiqons in the 3 .gene contrihute 25 in same
way to upwards o Seeﬁ%ﬁ@slmmﬁ a&?@??‘gl%@“@@“& . p53af ahpt passage 2
351: 453- 456, 1990 ‘1%5}'3;3%5%@4 cel l ul ar phosphoprotein and is frequently

%? eve

present at elevate scin transformed cells (De Leo, A B. et al. Proc.

Nat|. Acad. Sci 76:2420- 242hmarfili2¢d calls| ab vsef ehrphghiodt tisip re@htion aeferot i on
in a gromh suppressive ma?ner (Mchalovity et al. Cell 62:671-680, 1990)
and p[ err f2ar r estelisxgpable of geawisg ip culpyre forygreaterthan R passages: dmpraarialized ¢ o

DNA darmage (Kast glyjs &L dffferedtfifrom transformed cells in that unlike the transformed
cells, the immortalized cells display densitj dependent growth arrest and

maintain a normal morphology. In contrast to immortalized cells, transformed
cells are capable of growth in soft agar and are usually able to form tumors when
20 injected into laboratory animals. '

The cells of this invention are immortalized by the introduction of
p53 under the control of the inducible metallothionein promoter into preferably
primary cells. The nuclear oncogene p53 is one of the most well studied tumor
suppressor gene in part due to the fact that mutations in the p53 gene contribute

25 in some way to upwards of 50% of all human caners (Levine et al., Nature
351:453-456, 1991). p53 is a cellular phosphoprotein and is frequently present
at elevated levels in transformed cells (De Leo, AB. et al. Proc. Natl. Acad. Sci
76:2420-2424, 1979). Wild-type p53 appears to function in a growth
suppressive manner (Michalovity et al. Cell 62:671-680, 1990) and p53 arrests

30 cells at cell cycle checkpoints in response to DNA damage (Kastan, et al. Cancer
Res. 51:6304-6311, 1991). The checkpoint function is carried out by the |



Res. 51:6304-6311, 1991). The checkpoint, function is carried out by the
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5 accumnul g} j p53 and a subsequent induction of GADD45 ( | rtant
exci si on %&ég&?%%tei n), WAF1l (p[err]), and NMDM2 (which for?@r@&gﬁéﬁe_
conplex with p53) genes. {Kastan, et al. Cell 71:587-597, 1992). This
theory is supported by the observation that mytations in p[err] can result

in cellular 5 i Mmortalization. Several reports |link the wild type p53
mol ecul e to i nhi bi adcomubdtionadflp5diand sisubsejuentiigductionf GABDB45i(al ipdreant of
cyclin kinases (i.e., ,CGpl,, K El1-Deir ... Cel 5:817-825, 1993: WAF1l by
Har per et al., Celf*cj8ion -8’1'8‘?‘“19%’ 1@5@@%@%@ sitable |
protein stinulates gy‘gg fgemﬂg p ' 1 P ich in
normal cells is in'i"/(;or & "“Iﬂn aj&%glr“%é ary g{rrp Egﬁ?ﬁg’t”i]%gr&%’@ stﬂ‘@rﬁli's
cyclin-dependent ksuppeeted by the ohsepratibn tieat adutatipnsdh p5h vanh msnltdmteipydar ( PCNA)
and p21. In transforned cells the |oss of p[err] function appears to be due
to nutations®| eadi WymPHalFREORGss of p21 and PCNA from the nul tiprotein

conplex, resulting in uncontk <D : bl

mut ations in p53 has been asgglé#a e 5vvl [ F#gwrl%ggﬂ’tsﬁcﬁdg?“lgé %ﬂéﬁmd
proliferation, theeel divisiod thesughomivasalinisibitbréf oyglinkivasey Gist, Cipl,Bl-Déigy
regul ation of cell proliferation et _al. Cel] Biol. Int

. {Mlner . . ReB.
4:663-667, 1980, MHaleEelbyS:817-82551983: WAB1 by diarpergh aborell ¥5:805-8165 4993t | |

Acad Sci. 79:6300- . . _Bi )
4?276-?81, 1984) . @#&Bé’ﬁ%‘&g%ﬁﬁg%ﬁﬁ’é 6‘?143}@4tﬁgb’f"g‘mﬂ“}“’%g;g‘!“’nﬂé?’%’gt"‘”’
responsi bl e1por negzt,ivilsickircdrndal aélld is involved ifladjuartbldry @BfapléXxCtat iabluded | Ng

critical points in the cell cycle due to physiological and physical

paranmet ers such ascyslinedspendesit kinase,syelin, pyoliferating zell ouclsar antigen (PENAJ and
carci nogens. p53 is,, kpown i.n the art to r e cell proliferatjon., There
is 25 some evP%]enﬁb“ﬂ?gqﬂq%ﬁ?ﬁﬁ? éleéﬂssr"&&’%bgénmafp tt%L? Jue MB- ons
cells. Jenkins et dwgqm 1 SH0p | féth i mei r@%&ﬁ&ﬂﬂﬁ y
when constitutive gfo ters l1t‘°$’gé)1&r’n ulrmri g%lﬁllqc Vi rusegiugjc as ro&g’cr}é%"rggg%gi

virus (RSV) and si uncomtroiled grot@h( SV40) were used (Jenkins et al. Nature

317: 816- 8181151985) .

While mutations in p53 has been associated with the regulation of
cellular proliferation, there are other theories postulating other routes-for pS3
regulation of cell proliferation. (Milner, et al. Cell Biol. Int. Rep. 4:663-667,
1980, Milner et al. 112:785-788, 1981, Mercer et al. Proc. Natl. Acad. Sci,
79:6309-6312, 1982 and Mercer et al. Molec. Cell. Biol. 4:276-281, 1984). For

20 example, mutations in p53 gene may be responsible for negating a cells ability to
repair lesions incurred during critical points in the cell cycle due to physiological
and physical parameters such as stress, aging, ionizing irradiation or exposure to
carcinogens. _

p53 is known in the art to regulate cell proliferation. There is

25 some evidence that nonmutated rat p53 can immortalize rodent cells. Jenkins et
al. demonstrated immortalization of rat chondrocytes only when constitutive
prom_oters' from tumorigenic viruses such as roﬁs sarcoma virus (RSV) and -
simian virus 40 (SV40) were used (Jenkins et al. Nature 317:816-818, 1985).

. Eliyahu et al. (Nature 312:646-649, 1984) and Parada, et al. (Nature 312:649-

30 651, 1984) were also able to immortalize rat cells but their data contradicted
Jenkins et al. and demonstrated that p53 constructs failed to immortalize cells



- Eliyahu et al. (Nature 312:646-649, 1984) and Parada, et al. (Nature

-

312: 649- 30 651, 1984) were also able to immortalize rat cells but
their data contradicted-Jenkins et al. and denonstrated thatc’BLerr
const ructWOr98/06%7 to i rmortalize cells WO 98/ 06827 P 897/14391

PCT/ US97/ 14391 6 when the p53 gene was transfected al one but p53 constructs
generated transfornmed foci when the cells weige co-transfected with the
oncogene ras. Wiile these cells had characteristics of transformed cells,
the cells under \/\Bﬁrheﬁﬁﬁﬁ]ﬁzﬁgtﬁemﬁaﬁ&ﬁmdldﬁu|bh_tE$3/¢diﬁtrﬁ6€s|gEﬂerateﬂe| atively
short tinme followng 5 transformation. Unlike Jenkins, Eliyahu, and

(Fj’ar ada (all 'dsypr atranstorpedsiori when tbe sells were qoflg%b‘m with f}§: (ygpgenees)
inder ¢ he. cont r or Wite heiedlls Bha GRS of kebleiolRa b B e lndhvl
Rovi nski can be egdHesdencslaiystopped malkiplies withil £ pdlativ@lylhort time Féllowiag cel | s

are known to readily undergo i mortalization and transformation. The cells
are believed to b@mqummonn some way so that they are particularly

sensitive to inmmortalizatio d .t nanstermati o tiqyld . Studj es have

reproduci bl y deronstrat ed t@ﬁ?&%‘ %%9‘9!5@%?83?2"%%3%‘?5%’8%?‘?%4 alize

at a hi gh frequenpyndiial g‘)';coéené@:ﬂ%-%mB deﬁbﬁstr&%&ﬁ%imﬁ’&éli%ﬁo%gﬁat ;
cta

Bi ochim 15 Bi ophys. 458: 397, 1976, Todaro and G een J. Bi ol .
17: 299- 313, 1963; embuio fibroblasts using ratgi3l urdes the rontrolzaf itendogewns pramoter.

(supra i page 44geFrstbapAished hERovisak i he SRt SL6: S Gyiatng

Lransf ect egoui th | SR
o or ¢ alPzat 1 ot R SEEE e Rp R ipdly ORArRl ot A bR 0 Y

of immortalization o out 1 Ience
and ot her studi esThedeliwdre behevedittbe printed ifi eome maaytsd thdt theyame pattictlirlyk

fibroblasts fromnormal donors spontaneously immortalizing (Smth et al.
Sci ence 273: 63- 67sensBivg to improrialirationand onpation gimuli Shwes hayes and

"arge variety of  SRISHERINSepoTe talmdr b Bttt iR Ale s
themill-suited fRgigh A&y @oneRCF! VikolDMORUEE. 1391) 19THEPéhted B, BidcAig)e number
of p53 genes that have been 1 sol at ed
15 Biophys. Acta 458:397, 1976; Todaro and Green J. Cell Biol. 17:299-313, 1963;
Meek et al., Exp. Cell Res. 107:277-284, 1977 and Curatolo, et al. Iz Vitro
20:597-601, 1984). Indeed, Rovinski and Bechimol (supra at page 446) noted
that their rat embryo fibroblast controls, transfected with an expression marker
alone and had a spontaneous frequency of immortalization of about 10%. In
20 contrast, a review in Science and other studies indicate that there are no reports
of human or chick fibroblasts from normai donors spontanéously immortalizing
(Smith et al. Science 273:63-67, 1996, Hayflick, Exp. Cell Res. 37:614-636,
1965 and Smith et al., Adv. Cancer Res. 54:63-77, 1990). Moreover rat cells
carry a large variety of endogenous viruses, particularly retroviruses that make
25 them ill-suited for commercial vaccine production. '
There are a large number of p53 genes that have been isolated
from a variety of mammals. For example the sequence of chicken p53 (SEQ ID
NO:1) is available from GenBank as accession number X 13057 and is available
in the literature from Soussi, et al. (Nucl. Acids Res. 16(23):11383, 1988). The
- 30 sequence of normal human p53 is available from GenBank as Accession

numbers W88747 and HSP53G and the clone is available to the public through



froma-wariety of mammal s. For exanpl e the sequence of chicken p53 (SEQ ID
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pS3 gene is ai S0 pr e\‘i@aisﬁin%imﬁﬁ isf el M BrieS TR By ety 5 0

M22881- M22884, M2ahgvidh@ Mzw&mms‘mnm%mwm
et al. (Gene 70(2):7245- 252 1988). p[err] fromthe horse is available as
GenBank 5 accAM2D887-MR2888 MEZEOAMAASOF umimﬁpubdmhecbbxeBnchmmk,a}al

(GenBank Accessi on nber 3 i,s av abl nBank
Accessi on Number Z@l’%ﬂﬁgoéﬁ%‘%%z ﬁ@ifég%? E‘i?’f)@‘d‘ﬂﬁ’b& aﬁﬁe@?‘“‘g

DNA Seq. 5(4)g 261- ﬁ?@im’ @B@ﬂk

Accessi on Nunber %88* lf'wcnﬁgtmgﬁtﬂﬁ)}nAﬁ’nﬁy‘gncer 58(4 :602-7Ac‘1:885hn
Ot her sequences 10 Numbeﬂmﬁmb.l RbeSusamxkeyfpéBmaﬂgbkehs GenBank Adcession

and the 11 ke, ThosaVawbe ka4, Co Repis 41704 feealie aﬁéﬁxﬁ%ﬂ?’ St Ve Yo

literature or to g a R&il t hat
are known in the aﬁtﬂ)?‘ﬁ ?rbt al P’o@ﬁ%glg%x%r ormg@g(raashas & AUITD ééréfo(grroﬁﬁm gﬂa
bi nding 15 - r egi DRG6IB(Okiude Moavak Jai InCarices 58(E):6029 1994 Dhei §b‘quences
met al | ot hi onei n pronoter can be induced by Cd[err], Cu[err] and Zerr The

promoter contli ns candprbhlicatigns refersnsing thetizae tapse(ﬁeﬂms g3 baobtaine

R/gtg;: a£ g;%ozgmgr ZI g H ?mf\%%?%aﬁgﬁalﬁgg pr or?%t er @&agg‘ %1%@9 ﬁéseasﬂglent | Ehed

.regions in the prongt jll 86 eeadilyablel6 @oitd thliterature ¢ tPgdneliatd¥aseds t8lobklin e
(Cenes & Devel opnent 4.412-426, 1988) and Lee et al. (Nature 325: 368 372,

1987). Like the gerﬁ@e@nqmeﬁgfoap&matmméhemnber of

O'

(

met al | ot hi onei n genes from a re C|es that are re.
For exanple, the sequence of #ﬁ%n}ﬁﬁ Sﬁ‘a’f‘?\te ?frﬁ)?l yrﬂ’%’%‘?:‘ﬂ‘giﬂ
(SEQID 15 regions and the expression of genes regulated by the metallothionein promoter

can be induced by Cd™, Cu** and Zn*". The promoter contains a number of
multiple potential binding sites for metal regulatory factors and for transcription
factors including SP1 and MLTF. Metal responsive elements within the
promoter regions and other identified regions in the promoter are discussed in
20 detail by Mueller et al. (Genes & Development 4:.41 2-426, 1988) and Lee et al.
(Nature 325:368-372, 1987). '
Like the genés encoding p53, there are a number of
metallothionein genes from a vareity of species that are known in the art. For
example, the sequence of the metallothionein promoter from chickens (SEQ ID
25 NO:2) is available in the literature from Femando; et al. (Gene. 8:177-183,
1989). The promoter region can be identified from the metallothionein gene
sequence of a number of published metallothionein gene sequences available in
the art based on the published charaéteristics of the metallothionein promoter
(Mueller et al., supra and Lee et al., supra). The sequence of the human
30 metallothionein promoter gene is available from GenBank as W68639, X65607,
V00594 (see also Stennard et al. Biochim. Biophys. Acta 1218(3):357-365,



25 NG 2) is available in the literature from Fernando, et al. (Cene.
8:177-183, 1989). The pronoter region can be identified fromthe

nmet al | ot hi onei n _gene sequence of a nunber of published net ' LN gene
sequencesWQKPé{“F%?gl e in the art based on the published char i%@égof
the netal |l othionein pronoter (Mieller et al., supra and Lee et al., supra).
The sequence of the human 30 net al | ot hi o8ein pronoter gene is

avai |l abl e from GenBank as W8639, X65607, V00594 (see also Stennard et al.
Bi ochi m Bi ophys. 1898gRichasfds 3} al30e/RBH1):263-202,4988@RA Karin et al., Nucl. Acids Res.

PCT/ US97/ 14391 8 1994 Richards et al., Cell 37(1):263-272, 1984 and Karin
et al., Nucl. Aci dOCHDS16364178)1952) s hepmetallotionein promaierinisherns gvailable

pronoter in sheep g %%IF%E laﬂl@ ' r 4626 (see
Pet erson et al., I":ﬁt}'"rQm . ochg%fcﬁ%g;(og;:E;Bé-&gg@é§3§%)%&%sﬁye&%§é€égr£es and
publications that Biochem. 166{31570<385, 1986)s ©thér selpgereesianhpblicatiotiyethabt ai ned
froma nunber of gepe databases such as GenBank, ,GenEMBL, and the |iKke.

Those skilled in tRisrence the use afghe sequense capbe oblingd Fremammbarefgens e or to
gene dat abases to bgk&%ﬁ?%@%@#ﬁ%ﬁ g}tﬁﬂfﬁgt %&&t&hm%eart

pronoters that are known 1n I'S 1 nvention are

i mortal i zed t hr ougill beweadifyy able to g6 tootlie titératurebr tolgehe idatabased teolstaiti thg gene
p[err] into the cells where the neuclei¢ acid encoding p53 |s_under the
control of the nmetSSANGRCAS B tallathiensin premotess thatigee knqvam inothgaBinei n

&heymg
pronoter is operably |inked nycl ei.c. aci d.encod referred
embodi ment of this inventi On?ﬁ%ﬁ'iﬁﬂ?t@ﬁ&\penpﬁg%rge & %ﬂlﬁ#ﬁh{gh&&e" _
met al | ot hi ofei N PrigfEBd®itichofnbtleRHEPEhdoling $93Gnkrthe SellywhérethdhéRdio Bcid

vector. 15 . There are a variety of comercially available expression
vectors and those encodingg53 is vider shet conitriol ofithemgetalldthionpimnromates, thatis, the

The. exbr essi on vedREALEHIPHRIHORAIT EPERYH e CRogR e SapTRE o

e expression ve _

facilitat i | f : il ' [ f th

aciiitate rep 'Cgﬁnrhgé?regteﬁfﬂ?)ﬁnﬂ&ﬁto‘fﬂub ﬂaﬁ@ﬁﬁ&g;yﬂaﬁ& fid o%n&r%?bfﬁk' 8” 0 .e

vector, integrati er gene sequences Itate ene

expr essi on t hr oughmétaothitsiein pronwiterds ttoduegdiintd the\cele inmmeqaessionargotors  of
these features include, but are pot limted tgo the inclusion of bacteri al
origin of rdlicat e aganvasicthof cammersially availahle expression yerters apd thgse

sel ectabl e marker Sgqed in the art will be readily appreciate that a variety of vectors can be used to

]

express p53 in a non-rodent animal cell. The expression vector can aiso include
a variety of other features that facilitate replication of the vector in prokaryotic
cells, selection of the vector, integration of other gene sequences or facilitate

20 gene expression through the addition of other regulatory sequences. Examples
of these features include, but are not limited to the inclusion of a bacterial origin
of repﬁcaﬁon, genes conferring antibiotic resistance, other selectable markers,
including but not limited to B-galactosidase, luciferase, or the like, enhancer
sequences, multiple cloning sites and the like.

25 Example 1 details the identification of a metallothionein promoter
and a p53 gene along with the incorporation of the promoter and p53 into an
expression vector. ' Preferably the metallothiogein promoter and the p53 gene
are from the same species. The construct of p53 under the control of the
metallothionein promoter was introduced into cells. Preferably the cells are

30 primary cells and primary cells, as used in this disclosure, are preferably cells
that have been in culture for 1-10 passages and/or less than 2 months.



including Qut not limted to B-gal actosi dase, luciferase, or the |ike,
enhancer sequences, nultiple cloning sites and the |like. 25

Exanpl e ]wfl%ﬁkéz% the identification of a netall othionein @ﬁﬁ?@lh@ﬁd a
p53 'gene along with the incorporation of the pronoter and g{err Into an
expression vector. Preferably the netallothjonein pronoter and the p[err]
gene are fromthe sane species. The construct of p[err] under the control

f th t al | ot hi ' t i ntrod i nt | | Pr.ef bly th
Cell 8 are 30 pri mary Keue cAesReheall chndetaanaalls it e "
di scl ! . : . M

| sclosure, ar e by &f gewigCltiie, 'Pithar s BETHosRelisoliiéd £:0 iftall

passages and/ or nont hs. s9 _
PCT/ US97/ 14391 fisstes and placed imscudtuee. gFinecedlsicyn bé ebtairiedrfrom dnpaumbkd 6f Wi t-h a

finite ability to grgwin cylture. Primary cells_are those cells .isolated
fromintact ti 5%8%:&%%%9%& menpgls. Houman bigpsies tsmeanmplest 1 om
any nunbeg of ti f s VLl ; éﬂﬁ% Eus@?m 1 bi opsi es,
ti ssue sargrpl es @ﬂj&ég’fl{rogér?fglgg,éﬁlh%%g?&bl g, c%ﬁb(ﬂgen, COWw, %ggﬁ?&%ﬁfc

ti ssues, and theihédte dipgested evith thyssih antl igelateddordrinisféctivn s Singlwlcellseh at ed f or

transfection as single cells in suspension or as nonolayer cultures or as
smal I', but i.nt aSespensiengeasmepplayer cnliuresasps small,dutt infact tissyp semples. The

transfection inglude.fibrohlast muscl.e cell s, .epithelial celdls, .. ..
endot hel i al cel Psgi’:gﬁcbcﬂfs}%}%ﬁeﬁfog .2 %‘&fh‘f‘% ﬁ"r‘i@“&fﬁﬁ W’?_ gle ?%L‘o%ﬂ%a{ hat
10 there agglisMhdothelpeels bh@ ehek) 'THYRE Skilled th e Grt Wil REogzAth4er | ety
of cells froma variety of tissue sanples and that these nethods can be

per f or medOwi t hothere artuwelbkpewn methads ifornobtainingsind isvlatingd varisgy nfcéllsdrdmor

isolating cells fram chi.cken emhryoni ¢ tissue,.ipcludin el l s f,rom skin,
heart nuscl e an&_"ﬁf‘@ﬁ's‘l t??ﬁ%"c?aé“npqi%“% t.ﬁat these métho °ancLﬁéF@HHF‘i_wéﬁ‘HHﬁber of
met hods known | gnfidiesttekind eagaaoat dWd cm%tﬂémﬁémkﬁaﬂrﬁjéflrs% orh Y
expression of- a nuclel'c acid sequencé or for 1ntroducing a nucleic acid
fragment into cehicken @inbgyonicctissuelincindingaells from skimg heatt nhiscletand breast CaPO4
precipitation, elecfroporation, | i pof ectin transfection techniques,
pol yam ne trans €on techniques and transfection with viral 20
particlegs Exanple 3 provi §gsreard®hiifblef FméthbdsQdidwn ' th&rt for introducing a
p[err]/ metall othionein ) .

vector capable of directing expression of a nucleic acid sequence or for

introducing a nucleic acid fragment into cells. These methods include, but are
not limited to, CaPO, precipitation, electroporation, lipofectin transfection
techniques, polyamine transfection techniques and transfection with viral

20 particles. Example 3 pfovides a method for introducing the p53/metallothionein
nucleic acid fragments of this invention into eukaryotic cells using
lipofectamine. A variety of commercial kits are available that permit nucleic
acid fragments to be incorporated into eukaryotic cells using a variety of
methods. Therefore, the methods of introduction of the nucleic acid encoding

25 P53 under the control of the metallothionein pm:ﬂoter should not detract from
the scope of this invention.

Following transfection, the cells of the invention are grown and ..
expanded under selective growth pressure, if needed, to identify clones
containing the transfected nucleic acid fragment. Cells are treated with the

30 necessary cations to promote expreséion from the .metallothionein promoter.

Example 3 uses ZnSO, to induce the metallothionein promoter. Foci of cells are



nucleic acid fragments of this invention into eukaryotic cells using

li pofectam ne. A variety of commercial kits are available that permt
nucleic acid fragnments to be incorporated into eukaryotic cells using

vari ety oWOaH0e8¥s. Therefore, the nethods of introduction BFT@ﬁgwhﬁ%lelc
acid encodi ng 25 p53 under the control of the netall othionein pronoter
shoul d not detract fromthe scope of this invgntion. Foll ow ng
transfection, the cells of the invention are grown and expanded under

sel ective growth pebssisd fnd drbwasR eere! qhe@éiﬂi"féwséfe&%cﬁg{&@bﬂwﬁﬂabﬁxg
transfected nucleic acid fragnent. Cells are treated with the

necessary cations chargnteristice kmeekﬁ'emntﬁ'omrthesmmdmg Q!!llb.l hnﬁummenmm,er

Exampl e 3 uses Z[err] SA er uce, the.petall othio Foci
of fCTIe)l ls are [ /1.%%02%&4) by Haenu letic acl gment enco g pS ggr econtrol

PCTI US97/ 14391 10 §foieohetaliciibnSh Pnbier Gt Mok rab aﬁwzédto
clusters of cells having characterlstlcs that are d ferent rom e

surroundi ng &el | s. cduntdrharss. |'H1eammhzeébéllsgmwunmalrapldwmdfokmohwtérebnthe

d f t di th | of | I, ot hi
Br oot er gt ow mor SPREBMHYR RO REF: JBEe e ey beselaied usigg e sthass.
The inmortalized cgl dﬁ?gﬁﬁ@éq A¥ufufedPi dl Yy andformclusters on the primary
cul ture nonol ayers. se clusters can be isolated using cloning rings and

expanded in culture. The cel Thecellsswerertonsidéred td be immbrtalizédavheredieyhad t hey
had under gone about 25 tissue culture ssages follow ng |ntroduct|on of
the 10 p53/ nemersq%abﬁeﬂzﬁ %ﬁiﬁ?ﬁ“-‘%ﬂﬁ@m follewing ingodygtionafithe and

when the ce er
day and pr e#er abl %ﬁﬂl\%eaé% a '@E@{@B}&% ?ntgt%égg%ﬂaa%ﬂ g' gi“#ﬁr%‘?e%
day. The cells nai addergsiflg at leastaBout'026 pOSUlANA dSuBLiAYOHE dagtnd Piefeiab

dependent and/or contact Inhibited growt Cells fromthree tlssues from

chi cken enbryos webetwsemphors§-619 about1:5|p0pﬂ§t1¢n donblings pexdaye Thensllsal i zed
by the nethods of thi entio r I dentjfi dfr
heart nuscle cell smaﬂﬁﬁlﬁg zfljémggﬁ ﬁ'ﬁé)?ﬁh?e@e‘fﬁ"gw%ége 7”@9?%?9 r?°
Exarr}ol e 5. The i Mmiyhititddzpewie! CellsTork mrse héﬁﬁe@ﬁbﬁrbrﬁél&ule&&?og ﬁéﬁe%afy%d
vira

15 for their ability to be immortalized by the methods of this invention. A number

of clones were identified from heart muscle cells, breast muscle cells and skin
cells as provided in Example 5.
The immortalized cells of this mvenhon should be tested for viral
contaminants as well as other tissue culture contaminants such as low level
20 bacterial contaminants, mycoplasmas, and the like. The cells can be tested for
evidence of retroviral infection, Avian influenza (Type A), Avian reovirus,
Avian adenovirus (Groups I-III), Avian encephalomyelitis virus, Fowl pox,
Newcastle disease virus, Paramyxbvirus (type 2), as well as Mycoplasma,
Salmonella and other contaminants such as those listed in 9 C.F.R. § 113 and its
25 subsections.

*The cells can be tested for a wide range of viral contaminants
using the polymerase chain reaction to identify contaminating nucleic acid -
fragments. There are a variety of commercially available test kits for a variety of
viruses that can be used to determine whether the cells of this invention contain

30 contaminating virus. Similarly, there are commeréially available tests to detect

viral antigen, wherein the antigen is derived from a variety of different viruses.



contam.nants as well as other tissue culture contam nants such as |ow | evel
20 bacterial contam nants, mycopl asmas, and the like. The cells can be
tested for ' ge of retroviral infection, Avian influenz @Mﬁﬁl@m '
Avi an reov‘?rs\ég{asékvi an adenovirus (G oups 1-111), Avian enceaa onyelitis .
virus, Fow pox, Newcastl| e -di sease virus, Pﬁgar nyxovirus (type 2), as well
as Mycopl asma, Sal nonella and ot her contam nants such as those listed in 9

CFR 113 and jts 25 . tions.. The cells can betes‘i) dtl%or w de -
Fange of viral cohpseipraincudiiSR weR immanstitinrpten mb e adhii (y
contam nating nugt fHefe Asafs drk 3MMARoHm ahA%hvoldé Fouftink Bchdiinkerthl EOHIRIE! al 1Y

avail abl-e test kits tor a variety of viruses t -use term ne

whet her the cel | Exafpled provides atmethod fortdetenmitfing whetheotiieaeiln of thixinvention

Simlarly, there are conmercially avajl a%: e testts to detect, viral, antjgen,

wherei n the ant | B&FeVersgraRSFERtass Begaliveo EVidepcaof rgverse ranscriptase agivity in™\\p

98/ 06827 : o1 - 4391
5 tﬁha lﬁgréo%zgg\cells oontamxlnﬁ]%?% &nfler the contrc%l ofa m&ﬁT&%@%@ﬁe

11 These tésts i assays, uorescent assays,

like. Al of thepfonitepisevitieBcd\6f fetrsvidiidlcotbdmination.ve routine experi ment al
techni ques. Exanple 4 provides a nethod for determ ning whether the cells

of this invention are reverkhs celsaarsalsotested fordheir fumorigeniqipotentiabf The oells e
t i pt tpui.ty in.5 he, i tal.i zed || t ai ni

nder the. cont roPEEHs 1hVRRIGH wrgers Bl A umBtE. TEw B AEErBItre PhEGEF oe
contam nati on. Tgﬁ?ﬁﬁﬁﬁoﬁe@ls%ﬁﬁﬁg%%réﬁﬁo%%ﬁe%ﬁaﬂﬁﬁérgg?;ﬁiﬁ' al . |

The cells of thi nvention are pr not tunorigenic.

det er mi ni 19 whet hwthaisfopassedsinggrotilcef the immoirtalived gptisiof this tnvientbomin soft he
art. Exanple 6 provides 10 net hods for assessing growh of the |

i mortalized cel pgargmdiixampley pravides 3 method forigtrpdusing %@eﬁ% ef thisinyentipns o

met hod for intro i h | i s . i i fhat. is
e L
cel I's of the invetictiep tes celisof theliavériduees ablews indube funsors aciheiresipieani mal s.

To test the tunorigenic_potential of human cells containing nucleic 15
aci d encodi ng p5snimalar Te fest thertumerigenic notential ofchumamneslls contsining pucleige

cel l's can et eshgd & obah 388 tnidk BObbniRH B bt ook RbeafeR M cifh T

m ce or mcCe or _
be tested for growth in soft agar and tested for growth in nude mice or mice or

D)

other iaboratory animals with reconstituted human immune systems.
In one aspect of this invention, the cells are useful for propagating

virus. The cells of this invention support reovirus infection, Herpesvirus of |

20 Turkeys (HVT) and Marek’s Disease Virus as demonstrated in Example 8. The
cells of this invention derived from chicken tissue can also serve as hosts for
Infectious Bursal Disease virus, Infectious Bronchitis Virus, Newcastle Disease
Virus, Infectious laryngotrachio virus, a variety of adenoviruses including
adenovirus type I1I, Circodnavirideae, Chicken HSV, fow] pox virus and others.

25 A number of human and animal viruses grow in embryonated eggs including, but
not limited to, Rabies virus, Canine Parvovirus, Feline Panleukopenia virus,
Calici Virus, Hepatits virus, Influenza viruses, Varicella Zoster Virus and a host.
of other viruses. These viruses can also be tested for their ability to grow in the
immortalized cells of this invention.

30 To produce virus stock, the cells of this invention can be seeded

into tissue culture flasks, roller bottles, spin culture or into hollow fiber reactors.



ot her | aboratory animals with reconstituted human i nmune systens. |[n one
aspect of this invention, the cells are useful for propagating virus. The

cells of this invention support reovirus infection, Herpesy] 4590

Tur keys ( 104 Marek' s Di sease Virus as denonstrated in %W@ 1 The
cells of this invention derived fromchicken tissue can al so serve as hosts
for Infectious Bursal Disease virus, Infectiod Bronchitis Virus, Newcastle

Di sease Virus, Infectious laryngotrachio virus, a variety of adenoviruses
i ncl udi ng adenovi rEer rollenbattl¢ vings propagation; the eells ar€héearded at alsdnt 26061 0*pox

virus and others. 2 A nunber hu .and i.mal viruses grow in
enbr yonat ed eggs i‘i?i'ﬁ’lﬁ’mzr?é, e Fe Thempltiplic ,0%5?@9“&?@9@%@9#%"““3
Parvovirus, Felin %?a wﬂ%ﬂ ' ' h G | ' ,
I nfl uenza vi ruses?p ar %%el a ggl?ﬂe@ra |rus§%an' %‘Vﬂ%@l_v%fﬁgﬁ#edﬁn%ﬁg%%%_

These viruses can siahn TPhoseakilled ifi e drbef virddbgy ridyskiltediinalie grovith of particular
immortalized cells of this invention. To produce virus

30 |
stock, the cklls ofirusgs and siraips olovirusas,wHbbe alle tqympximize visus stoek yield through

fLasks, roller bothk ghnasfshadiptihtidPofthe tifplkity o2 thtbb RS, (hEBEERLS medis 1O,

12 For roller bot tyagiatiohs)and tielie Witout irdte eRpdrimditgticiceded at about 2- 5x
1 err] cells/cnferr] of surface area. The nultiplicity of infection (ratio

of infectious virus particl eMethpdsdor harvesting ithe vimsafier infectiondolobtpimwt h wi | |
vary dependi ng on .virus strain. ,Those skil.l,led in the .art. of .vi.rology and
skilled in the grc}%f‘i‘fgS'r‘sB_é‘H?Q%‘ﬂﬁag?°%“_‘°s“" YiFisem, Jevetonsd firuses Sresgdate
will be ablpyto Nahké Biifitre theédi® mdk@Sbw Bhfl nbilefSpdd \nd! %wa{sg,lfgimscanbe

mani pul ation of the multiplicity of infection, terperature, ne
vari ations, and t hebtainedfromi thh culturenniedia abope ot fremtcallilpsatesiyeiohaiosith tre

harvesting the virus . after infectiqn.,to obtajn infectiouys, virus stqQck also
varies with virus W%?dﬂﬁa@';%@ mylagsgg?tbg;%éclpmqﬁ}mngaceﬂ @W&Mre
medi a more sl oWy dohan) HarvesiNetgRBAdb mﬁ&@ﬁ&aia%]gégﬁé@tng@ag%g&m ned

fromthe culture nedia alone or from cefl#ﬁf ysat es poo
condi ti oned nedi a.vifis) aftgrtd genflercesifugation stepdb rémoendellatebiiy s sufficiente| Again,

medi a_cont alhi no. VEFReR fof Bareathg ) &9 ie iR f rife whep of ¥t Rl |
debris is suffici egéll REe\WHR in the art.’
There are a variety of methods, also all known in the art, for
quantitating virus growth from a éulture of cells. For example, the titer of a
virus stock for members of the Herpesvirus family and for a variety of viruses
20 producing foci of cytopathology on a cell monolayer surface are readily
quantitated by plaque assay (as plaque forming units/ml of culture fluid oras
plaque forming units/dose for virus quantitation of vaccine 'inoculum) oras
tissue culture infectious dose-50 (TCID,,). Rapidly lytic viruses are better
quantitated by TCID, as the dose or dilution of virus stock capable of infecting
25 50% of the cultures in a defined time period. Methods for growing and
quantitating virus are known in the art and sources for teaching virus
quantification methods are found in Fields, et al. (eds) Fundamental Virology
1991, Raven Press, New York or in Mandell, et al. (eds.) Principles and Practice
of Infectious Diseases, 1985, John Wiley & Sons, New York.
30 : The cells of this invention are also useful for producing

recombinant proteins, including viral prdteins and the like. Methods for



15 - methods for harvesting and saving virus froma w de range of virus
strains are well known in the art.' There are a variety of nethods, also

al |- knowgybwgpésazart, for quantitating virus grow h from a rautssrasmn
cells. For exanple; the titer of a virus stock for nenbers of the :
Herpesvirus famly ‘and for a variety of viryses 20 produci ng foci of
cyt opat hol ogy on a cell nonol ayer surface are readily quantitated by pl ague
assay (as plaqu agMpre] ' 4Ll . . f I ng

uni t s/ dose for \G/ili’%@? quaﬁ;ﬁp%%?{d(ﬁldgéco\gam c":é{ﬁl(gnfuh%léﬁrﬁ{n}e oF&%gg%ilglgsag{edncul ture
i nf ectious dose-vegtarimdesihy coiagliofiregulatoicelements espablecofditdcting gxprassiomt ed

by TCI D50 as the dose oqr diluytion, of virus stock capabl.e of |[nfecting 25
50% of the cul { (REAPIOHIRintpitasvptic coll, pictias dhe MunPRAIZed Gpllz ok Ahis igvention,
quantitating vir ' ' h bNQOL.Yi rus
quantification rfdé? rﬁ%ygdgp@%oﬁﬁ%ﬁ&? ?@?éesfg’g q’%@%ﬁ%‘%@é?ﬁ%%%g%ﬁ al

Virol ogy 1991, Heagnerts s carl\ivecy expressiorn of dMeootabinantyirotdin. Mallg expression
Principles and Practice of]nfectious D seases, 1985, John WIley & Sons, New

) . ; y
York. 30 vectors, includingjretre\iral yegiors; preavailahlnin tha agthrosgh goursali ul f or
produci ng T econ D Al 4Bl Oind ddRimd:BiE] HipoRdrs! ReplicMiObBrBRid Vecdr® ' ' ke

Met hods for
PCT/ US97/ 14391 IcpniftiehidPebrally intihideS bhit A€ ndt MAREWHJ) 8né BFRISK GAMRE Protein
of regulatory el enments capable

into a nucleic aC|c} vect or under the control
of directing expoliewing: anforigirpofreplication, enecorkaorganarkergenkes, enhaticens t he
imortalized cells of this i nv?nt ion, gre well_ known in the art. Expression

vectors af® replSlements, promotsr elements, optional signglseguences And transeription . ¢
expression of a ' t g - ’ ' § ' udl .
retroviral vect Ot:eiéfi&g{rigﬂg%eﬁ%r% gh?ﬁe%%ynaﬁm%‘%?%%%ﬁs}%ﬁ&%ﬁc tﬁ‘d‘g‘?’%‘%‘% 1 ons

and comver ci al  siaifientify 2 popalatios ab trénsfumicer tibsfeert eells. oTpsicalseRetomer al | y
i nclude, but are not Iimted to, one or npre of the follow ng: an origin of
replication, oneg%es pagaseprotring that cenfer tasistance to ardibiotics oz othe #axdns, pr onot er

Sequences. The ~aruartsht 3RORuRRE ARnaRatL AS TR BsRE WEHRME Bhiueve,
Lglegtci}‘gnps popul RémQoniilet medwf or ned or tra_nsfect ed cells. Typical:

—

Expressioh vectors having nucleic acid encoding recombinant
protein are transfected into the cells and are used to direct expression of the |
recombinant protein in the immortalized cells of this invention. The vector
preferably can encode any recombinant protein capable of expression in chicken
20 embryonic fibroblast cells, including, but not limited to, virus protein, including
reverse transcriptase and/or viral structural protein. Examples of vectors to
produce recombinant protein in a cell include retroviral vectors to produce tumor
suppressive protein, or viral structural protein such as those disclosed by Givol,
et al. Oncogene 11(12):2609-2618, 1995, Givol, et al. Cefl Growth &

2_5 Differentiation 5(4):419-429, 1994, Akiyama, et al. Virology 203(2):211 -'2_20,
1994 and Boyer, et al. Oncogene 20:457-66, 1993.

The cells of this invention can serve as substrate to express
recombinant virus, including, but not limited to recombinant retrovirus. The
cells of this invention can serve as packaging cell ﬁhes for genetically

30  engineered virus useful for gene therapy, or the like. Constructs and methods for
using a particular cell line as a packaging cell line are known in the art. For



genes encode proteins that confer resi,stance to antibiotics or other
t oxi ns, conpl enent auxotrophic deficiencies or supply critical nutrients

not avai from conpl ex nmedi a. Expression vectors Hﬁéin nucl ei ¢
aci d enc&g‘?h@’{s&omi nant protein are transfected into t he PEE 7’5%8‘ are
used to direct expression of the reconbinant protein in the imortalized
cells of this invention. The vector preferabll$ can encode any reconbi nant
protei n capabl e of expression in chicken 20 enbryoni ¢ fibrobl ast

cell's, including, esample;Boikeel, etiali (Firaloguto5(2p669-79, 1998) disclosesrmethodsefor
transcri ptase and/or, vi.ral. structural protein. Exanples_ of vectors to,
produce recomnbi namEKAERE YIRS Wwﬁ%%aé@&%%ﬁgmb?v & packagingquce
t unor suppressive i | t | . .

(i 5ol 0sed by G vol oh S, ThedX salehadd ol B ek, BT inic i8S fptinet
Cell G owh & 25 cellsoffhifiaventianati on 5(4):419-429, 1994, Akiyama, et al.

Virology 203(2):211-220, 1994 and Boyer, et al. Oncogene 20:457-66, 1993.
The cells of this invention W8 Bestaviancell lines and all transformed avianeadlstasvalk

virus, including, oyl a8 i pant . i.rus.. The cells of
this invention car?pger_ve&aa'hslrgg%‘ﬁgrgf&%)@g?gm ﬁ‘%@§“¥’§‘£é°g‘£?’f%$'f‘8’a‘f"l ts
engi neered virus saelf ad erfdogergms &itub 6f prducevirdl peoteink they Ges'Hdt suitb® fod'ike

met hods for using a particular cell |ine as a packaging cell line -are known
in the art. For Praguctign of dmman or animal vaccines. The cells cannot be used to produce

PCT/ US97/ 14391 14 | e. Bqerkoel al Virology.195(2): 669-79, 1993)
di scl oses net hods r%é&%ﬁgﬁqqﬁ'&%‘ﬁg%mg%ﬂqugéﬁ?@émﬁ?@ '
fibrobl astggas t heyAfied actofbick brotéi g?ﬁﬁ S aﬂfﬁ% to
package virus in ?he I rortal i zeg cellfi?;epo ‘ tﬁlssglaﬁve {6%%?’ gé%ﬁseom
Since nost avi an dnventibn providewalsuitable altensdtive tethese/problensd. | s as wel | as

virtually all rodent transfqgned cehl .lines_either contain viral

cont ani nants such as endoge%l?scewf" thig,invention ap alsorsgrveAsc wibstrate fary ar e
not suited for the &%{,ﬁ@w IR ' ' - T || s _cannot
be used to produceuéﬁeco )i nan%ﬁgvrt%tel n°‘@é’c%?}§'gﬁ‘ﬁ%a°§ﬁ%‘o%§§%6n}§%€ E{n%arqnants

can contami nat e 1@ells, or cyltured celts thatcshobi inppovedrgebwitnonloagavistih @iBure in the

Advant ageoysly, the cells, of thjis |
geoys’y presence of other c'eils or in the presence of extracellular matrix proteins such as

collagens, _Iaminins, and the like. In one embodiment, cells are mixed with virus
and then mixed with the cells of this invention preferably in a ratio of cells: to
cells of this invention of about between 1:5 cells to about 1:20 cells and more
preferably in a ratio of about 1:10 (1 cell to about 10 cells of this invention). The
20 mixed cells are then piaced into culture. In a second embodiment the cells are

mixed with virus and plated onto the surface of the immortalized cells of this
invention are already attached to a tissue culture surface. The cells of this
invention serve as a support for the other cells and, without intending to limit the
scope of this invention, the cells of this invention can supply growth factors and

| 25 the like as well as extracellular matrix components, and the like to support the
other cells while they are producing virus. Example 9 provides an example of

the use of the cells of this invention as a cell substrate.

All references cited herein are expressly incorporated by reference |
30 into this disclosure. ‘Particular embodiments of this invention will be discussed

in detail and reference has been made to possible variations within the scope of



i nventton provide a suitable alternative to these problens. The cells of
this invention can al so serve as a substrate for supporting virus growh
from ot heky@ 6d/b6827 These other cells include primary cells, @cTussrnssed
cells that show i nproved growth or longevity in culture in the 15

presence of other cells or in the presencelff extracellular matrix proteins
such as col |l agens, lamnins, and the |ike n one enbodinent, cells are

‘mxed with virus.and then i xed wth QA hi s i nvention preferably
inaratio of C@ngex[ztborb eLe BtPatW gefé“ 25y ‘\%’éf‘l“%S ceIIs

to about 1:20 C@Jahﬁbﬁrtetﬁ&é%fmhnflﬁwwh{bhawé\ﬁabm%1ﬁ§bﬁt&xe%l cel I
about 10 cells of this invention). m xed cells are then pl aced

into cul ture. Isucaesﬁdlymkrﬁmndhenﬁmdedh&vmbhs are nmixed with virus and

pl ated onto the surface of the immortalized cells of this invention are

already attached to a tissue culture surface. The cells of this invention

serve as & support for the other cells pgm yg fhout intending tolimt the

scope of this invention, t y growth
Piepirftfid o A E&&@yrgg,%pl% Ressfth POk

factors and 25 t he e as as e matrix components,

and the |like to suppPldsmidpIFNII¢5436bg)wastohstnichslbyestarting wittctheg Vi r us.
Exanple 9 prOV|des an exanple of the use of the cells of this invention as

a fce|| subst r at BB wmm&ﬁ'erv@g@ééslwemeﬂeﬂeﬂm GAR m@l?c@mﬁﬁeﬁaﬂed by
30
bvention wiii 152t et ety uSRE A The S B vl O el et

possi bl ejyar i at {yfcalihiehtind dlRalffeiidspHatase. Tt $85MERAVas then treated with
PCT/ US97/ 14391 15 this invention. Thgﬂe are a va%l?et of alternative

techni ques and BDIdqdocubated\at 65%D and extractedswitio phesiol/thloraformh followeddbyt ch
would sim |l arl t Q fo ccessf.yl erfarmthe, int ed i nvention.
o 4 T L S, S R T A ek oy

-

p53 Expression gl t arting
with the pBl ues%lgtl:p? g% vec§J e%tgfﬁg‘é%n%mplﬁaﬁmm rrul“ts‘%pl e

cloning site and'eita@inﬂﬁhem&fcﬁvﬁ&mmeflmﬂIAgaoB{rﬂéradd(Btra{EgeanmeAgct or
fragnment was treated 10 calf intestine al kaline phosphatase, The

fragment 13as t hard bl,uga-p@@hgﬁtgchmth the 2513 bp vector fragment. Following isolation of
this clone, the vector was digested with EcoRI, treated with Klenow fragment

and re-ligated. This digestion removed the EcoRI site from the promoter region.
This plasmid was designated pJFNII (see Figure 1).
pJFNII was cut with BamH] at a site in the vector about 1000 bp
20 downstream from the SV40 polyadenylation signal used by the gene encoding
neomycin resistance. The chicken metallothionein promoter was obtained using
PCR. The following primers were used in a pélymerase chain reactions (PCR)
to obtain the metallothionein promoter:
Left primer:
25 5' CGAAGATCTCTCAGCACGGCCCCACGCT 3' (SEQ ID NO:3)
Right Primer:
5' CGAAGATCTTTATTCTCGAGATATCGAATTCT -
CGGGTGGGCTCGTAGCAGT 3' (SEQIDNO:4)
In these experiments the témplate for the PCR reaction was the plasmid
30 pCBcMTlacZ. The chicken metallothionein inducible promoter (Fernando and
Andres, Gene 81:177-183, 1989) in plasmid pCBcMitlacZ was obtained from Dr.
Ann Gibbins (University of Guelph, Guelf, Ontario, Canada). Those skilled in



EDTA, incubated at 65[err]C and extracted w th phenol /chl orof orm fol | oned
by ethanol precipitation. The plasm d pRSvVheo (Gorman, C., et al. Science
221: 551- Giyogiek@s3) Was digested with Bam H and Nde |. Thepétassmpasoias
treated with the Kl enow fragnent of DNA pol ynerase (Stratagene, Ladoll a,
CA) 15 and blunt-end ligated with the 2?&3 bp vector fragnent.

Foll ow ng isolation of this clone, the vector was digested with E[err]Rl,

t ted with Kl fr t d -Ji'gated. Thi [ ti ' dth
ECoR site from ¢ HE B BbHEredtaG Al theftouiasir nptio beOcAte) AR A 1| Jrn
(see Figure 1). pdihletsidipBbrakibs 1 dotaiRE brofiotd fidnh Bitiep s#}é&?qs}’ﬁ{ékﬁingaéﬂélée

1000 bp 20 downstream from t he SV40 pol yadenyl ati on si gnal used bynf he
gene encodi ng neoifhe primeeswetegpurehasdhfomIDIkCoralwilie, LA). nBothahelefrandoight was

obt ai ned usi ng PCR., The fol] ow ng. prijrer re used j.p a polynerase chain
onotfons (POY) ¢ BHEERMHe R EnEe 18 6 el s, hrplifcatio fitng herg erimess
S COAAGATCTTTATTCH AR AT TR FOR N eqmisipeg

5' CGAAGATCTTTATT i ialialoneld plobidset comlaitid vahill PSR 4 1n
t hese experi nent s fiagmehtcuptespending to SEQEPDMNO2act i on was the plasmd 30
[err]CB[err]MIl[err]Z. The chicken netall othionein inducible pronoter
(Fernando.and Andres, Gene 81:177-183, 1989) in plasmd pCBcM | acZ was

eonatn) . Thooe cicTEP ekt Akl Efianionefl pritibid leqidits (SEQIDNOD) is: 5
PCT/ US97/ 14391 16 OTheTEAIGOALCGREPCTAEGETATEAGCACCTR DICCRAGHGR be

identified fromgene expression libraries to obtain the pronoter from other
speci es, i A6l udi nGGECCHHGGERGTGOREEGRE 6T GEGAGRATG CAGTGAIGCA

(Coral vi 11 e LA R Fo Rl S BEER ABE B SBIEAD " Ve
e e ponine 1o SBSROGREs Ugaiat e becnpialp reectTron
pronot er sequence GCAQCUAANGAIGGGAGGGGG GGAGTGAGGA GGGTCAGGCA
CGTTGGGGTC CGTGCCGTGT TCTGGCAAAG TGTCGTGTTT
15 GGGGGGGGGG GGGAGCAAGG AAGGGAGGCG AGGGGTGAGG
ACACAAAGCA AAAGCGCCCT AAATCTGTTG GCACACATGG
CCATCCCACA GCTGTATCCC CCTGCTTTGG GGGAACCCCA
ACACCAGG_GC TGGCCCCGCG GTGAGGCTCC CCCCAGGCAG
' GGGGCACGGC CGTGACCCCG CTGAGCACGG CACGGCGCTG
20 CCCCGCCCCG CTGAGCACGG CACGGCACGG CACGGCACGG
CCCCCCGAGC ACGGCTCAGC ACGGCACGGC GCTCAGCACG
GCACGGATCG GCACCGCCCC GCCGTGCGCT GCGCGCAGCA
CCACCCCGGC CCTATAAATA CAGGGCGGGC AGCGGGACTC
 GGGACTGCTA CGAGCCCACC CGAG 3’
25 : This promoter contains three main metal regulatory elements,
GC-box regions and a TATA box. The metal regulatory elements bind metal

and induce the chicken metallothionein gene positioned down stream. The -.

amplified metallothionein fragment incorporating the Bgll termini from the left
and right primers. was ligated into pJFNII using BamHI. The vector clone

30 identified from this ligation was selected for its ability to confer neomycin
resistance. The clone -was termed pJFNIIcMTD and was about 6088 bp. The



CT CTCAGCACGG CCCCACGCTG TGCGCACCGC CTEGCAGCEC 10 GECCCEEEEE GGIGECEEEG
GTGGGAGCAG CAGTGGOGCA ATGACCCCTC CGGGICACAT TCCOCGCAACC GAGCGCAGAG
TGCGTGECOROBH0682T TCCC CCCCCCCAAT TCGCCLTTCG GCAGCCAAAG CGGRATATNS14391
GGAGTGAGGA GGGTCAGGCA CGITGEEGTC CGTGCCGTGTIT TCTGECAAAG TGTCGIGITT 15
GEEEEEEEEG GEGAGCAAGG AAGGGAGECG AGEEGT Gé%fxCACAAAGCA AAAGCGCCCT
AAATCTGITG GCACACATGG CCATCCCACA GCTGTAT CCTCCTTTGG GGGAACCCCA

ACACCAGEEC T eee cerrey A

CTOAGCAGGS CranBt eSed A g HRES e
CCCCCCGAGC ACGGpbiyadenyasién Sighilcvitiin ridted @lioré i ion of
GCCGTGCECT GCGCCCAGCA CCACCCCGEC CCTATAAATA CAGGEECGEEC A CTC
GGGACTGCTA CCAGEI¥AGequenses that lacked this signal. ' Thi s pronoter contai ns

three main netal regul ator N%‘@ﬁg a _TAT.

nmetal regulatory elenents %Pﬁgaﬁga?man gﬂéﬁgg"ﬁf&%‘ﬁaﬁégw&sﬁ onei n
gene posi S oned ftbmﬂ‘ Sbnssﬁ(ﬁiexiBmkah@eséiom#XIBOMjwidmeﬁ@bﬁtéd inggrent

i ncorporating the B err termni fromthe left and right priners was

ligated into pJ aBﬂWI-@“’Rﬁ?E Qniiclegse repbigtion site in theinydtiplefclaning r om

The cl one. uas o Shﬁﬁbfﬁséﬁwe (P ekl el L ROS RN 3. 1SR "5
98/ 06827 - contams64bp of 5' untranslated region (UTR), an open readﬁﬁTﬁ'étﬁ@Zf 1’Lﬂﬁ91 17
vector included mult |3ne cloning sites i ncI uding E[err]RlI, Eerr]RV and

Xhol . A pol yaderhplmo g4 ammawdm%mo@x@m:ﬁﬂ%andmmaafpbbment

expr essi of S I nal Ch| ck 3 c SEQ
| D NO 1;1rbpr ovi & i@e gﬁ%“e‘?% ai%ﬂgteﬁ% °m°f°g?' fip She Hum EQQBP Dg%é(
Accession # X1 3RFIcKeADSE RONA ebAthRfing E&&Rl{}&h&éx&féﬁdrs[ﬁé{ JMRe@én& e
E[ err] RL endonucl ease restrlctlon sitein e cloning

cMT (metallothionein)/SK* construct was digested thh EcoRI. The chicken

p53 cDNA insert was ligated into the EcoRI site. Clones containing the p53

insert in the forward (sense) orientation were identified. The construct was

15 transfected into competent E.coli XL-1 Blue cells (Stratagene) and grown in LB
broth plus ampicillin overnight. Plasmid was isolated by the maxi-plasmid
preparation method of Sambrook, et al. (Molecular Cloning, A laboratory
Manual, 2nd ed. Cold Spring Harbor, NY, 1989). Plasmid DNA was purified
twice by CsCl, centrifugation prior to transfection.

20

Example 2
Isolation of Primary Cells from Intact Tissue

Embryonic SPAFAS line chicken embryos (HyVac, Abel, IA)

were the source of the pﬁmary cells for these experiments. The eggs and their
25 layers were certified by the supplier as negative for Avian influenza (T: ype A),
Avian reovirus, Avian adenoviruses (Groups I-III), Avian encephalomyelitis
virus, Fowl pox, Newcastle disease virus, Paramfxovirus (Type 2), Mycoplasma,
Salmonella and other infectious agents known to infect poultry stock. Fertilize&
eggs were incubated in a sterilized isolated incubator and 10 day old and 19 day
- 30 old embryos were processed to establish primary cultures.

Three 10 day old SPAFAS embryos were used to obtain cells

from the heart, liver, skin and muscle (breast and thigh). A 19 day old embryo



site. The [err] DNA sequence (Soussi et al., Nucl. Acids Res. 16:11383,°
1988) contains 64 bp of 5 untranslated region (UTR), an open reading frane
of 1101 yop ogi6fdi Ng a 367 anmi no aci d p53 nol ecul e, a 3903'pd¥Rbksanassa smal |
poly-A 1 tail. The chicken p53 has about 47% honol ogy to the human
honol og. A 1555 bp chi cken p53 cDNA cont ai ni E[err] Rl cohesive ends was
obt ai ned and the cMI (netall othionei n)/SK[erigﬁg construct was digested with

G ones cont ai i ng e Ay B Ye HaBliin MiRaly R Glinkdl, Tdbigoiotistld s ' 0.
identified. The cdissdcidted usibga bypsin/EDTARGIu6A and plated i DMEM fiedfa (Gibéo)XL- 1

Blue cells (Stratagene) and ?ﬁrﬁa(im in LB broth plus _anpicillin overnight.
Pl asnmi d was i sol atcsipinipgtli9&s fatplicalfisemm (Gibeel 4% endhioti¢/antimyestick@ibeadok, et

al . (Ml ecular dgning.- Al o] nual. n .0l d . Sprin r bor
N, 1089) - P asmi A o RN kel oSl n8 RisstPeitn S iR EbR Bs
transfecti of. 20 dojreRden 4 50561 cehtrifig®tubBlcoifining p0% i fetlbb¥ihe Séruti ®SUE
Enbryoni ¢ SPAFAS |ine chi cken enbryos (HyVac, Abel, 1A) were the source of

the primry cel | sinhefivatethedryprivand centrifugerat 700xg:foxd0 minutes. 25 | ayers
were certified by the supplier negative f.or.Ayliand nfl uegnza (. e A,
Avi an reovirus, Avian adenoﬁ?ﬁé&wf%'mmf?‘iﬂﬁé,mi\g"zhecﬁﬂéé’b‘?fg{%‘gyel itis
virus, Fow pox, w?sa b SRR d Wit 56 ARV (1 .
Mycopl asma, Sal none a§£adr?§nglkﬁer | ﬁ;welct | oﬂ?aggent s\(ﬁf?oﬁ‘ﬁ'ﬂ’ % gﬁﬁ‘@eg?mg%%’f’t ry
stock. FertilizedSigrga, SteLeuis,NI0)A2 atMiLaglntaniae,i 10% fedali calfi setumal 1% cubat or

and 10 day_old and 19 day 30 . ol.d enbryos were processed . to establish
primary cul® ur es. antibietic/antinaoptis setutipn padpipgited nto ey 10 dishesatabont Ly | s

from the eart. el iiBing 46 SR e 06, 9806l A3 BB

PCT/ US97/ 14391 1%%%&3%%6&@%] sh primary skin cultures.
Enbryoni c tissue was di ssoci ated using a trypsin/EDTA sol ution and pl ated

in DVEM nedia (G bco) cont aCultntes vers allowed togrowde comflyeaey (pilays) end were
antibiotic/ ant .' nyr%%o'v%d Cgrx? ﬁx%)plates using a trypsin/EDTA solution (0.05% trypsin and
15 0.02% ethylene diamine tetra acetic acid (EDTA) in PBS) and replated for

second passage. Cell stocks were frozen in liquid nitrogen.

Example 3 .
Transfection of pS3/metallothionein promoter construct into cells

20 Primary chicken skin cells from ELL-O 19 day embryos were
transformed within the first to second passage. The cells were plated at a density
of 5 x 10° cells in 100 mm? dishes in high glucose DMEM plus 10% certified
fetal calf serum and enriched with 1.6 pg/ml transferrin (Sigma, St. Louis, MO),
36 pg/ml insulin (Sigma) and antibiotics. Cells were grown overnight to

25 stabilize the cultures and refed the next morning with 9 ml of medium and
transfected using lipofectamine Transit I using package directions (PanVera
Corporation, Madison, WI). Each transfection used 10 pg of the purified pS3

- construct. Cells were transfected for 5 h and the media was changed using a'
selectable anﬁbioﬁc G418 (Sigma, St. Louis, MO) at 600 pg/ml. Transfected

30 cells were passaged in selective medium until foci developed (usually 4-10 days)
and the foci were clonally selected and propagated.



containinig and 2 [err]ML-glutamne (G bco). The dissociated cell
suspensi on was 5 collected in a 50 m centrifuge tube containing 10%
m fetal W@98/06828erumto inactivate the trypsin and centri F’Gﬂ'@@%ﬁ‘“?gOXg
for 10 m nutes. The cells were resuspended in 10 m Dulbecco's nodified:-
Eagl es's medi um enriched with 36 [err]/nml insygn (Sigm), 1.6 [err]/m
transferrin (Sigma, St. Louis, MO, 2 nML-glutamne, 10%fetal calf serum

)
1% 10 anti bi otic/anti mycegs | gl 16 R ' 4o 5.
m*r({err] di shes at about 1 x i%%ﬁﬁg?@séf%ﬁgo%gp?%%g%%t?%cfng{a%&fogtéfréfgI n
5% Cd err] 95% ai r.(600 pug/ml) fesistant celld (aboutidi1i08)n, Cellsavere dhitialysplitiwhened.

Cultures were all owed  t 0 0.C | ugnecy (5 days) and were.renoved from
the plates using a WQ?@?‘%F’EWM&@E&WB% %.temﬁr gqqqegl\é\gplggng density on:the
et hyl ene di am ne t [ ' é@ragris?ec?e%sé g@arﬁ an§$ d
passage. Cell st_ocﬁégfe\%gre ?%’z‘gﬁkgﬂﬁ'ﬁéw nit rogoélﬁw&ilgs%% (r&fams ection
of pl[err]/netsal | ot hwitineicontpolpiastid. The sontrolicells seneseridlandied by passage 12.
Primary chicken skin cells fromELL-O 19 day_enbryos re transforned

within the first td-escuera spra iyl nihen3Q selechivp medinton dva wesksienfdistablyf 5
x 10[err] cells in yLOQrCRAL b aﬁﬁﬁﬁéddﬁ‘smﬁkﬂfsﬂgﬁ?%  dishel (ckeived no

. . | CULL
certified fetal calt serumand enric err]/m transterri

(Sigma, St. Louis, Zifdsulfafe (neriniductioniof $hd mstallGibjorRin prothorer)) Alflef tves webldd ofs
were grown overnight tq 25 stabilize the cultures and refed the next

mor ni ng wikt h 9d_n1 dﬁfeﬁéiég&fﬁ“éh‘&ekﬁ B?%‘F@@%féﬁiq}ﬁithﬂje PP&?@@EW@CW@B@?—WI I
T anst oot  ortused TR oot 8F RlfsBnarhatp o B mdB Aty sl e siGiipdige older

transfected for 5 hogkiflgcbis. Bfleraddafonalfethdssontofthe € oF el tinsfettediskin C
418 (Sigma, St. Louis, M) at 600$err]/m. ransfected 30 cells were

passaged i n sel ect icels demonsirated tapidly gtoving celts chprroximately S 10f cglls/Sgci avene
I A T YT o A,
in]iltSi ({i FPS [Sglr Ir l / \Thétﬁ S5t WeRPlaté. W didhee of ndd?@biflbdnt EAMiE Lol in G hriseifet Of
15 zinc were split into six dishes at 2 x 10° cells/dish- with the addition of 50 uM
zinc. The skin cells were propagated every 3-4 days in the presence of zinc at 1

=

x 10° cells/cm? until passage- 17. There wasa drop in population doublings at
about passage 20-22 and a later increase back to about 0.7 to about 1.0
population doublings per day. Foci of cells were also obtained from transfected

20 skin cells isolated from 10 day-old chicken embryos. The results of this

' experiment were surprising because p53 is well known in the literature as a

suppressor of tumorigenesis and as a growth reguiatof. Dupﬁcate cultures of
skin cells were transfected with an identical construct containing an anti-sense
p53 gene fragment. Cells transfected with this construct did not undergo

25 immortalization.

For primary heart muscle and breast muscle cells, the frozen
cultures were thawed and passaged. 8 x 108 cells (40-70% confluent) of each
cell type were transfected with the sense P33 construct with the polyamine
compound, lipofectamine Transit I (PanVera Corporation, Madison, WI) at

30 - passage2. Non-transfected cells were maintained as a positive growth control
and as a negative cell death control (cultures with G418 addition). For



needed at 5 x 1 [err] cells/100mjerr].dish to avoid influences of 'plattng
density on-the effects of p[err] expression. Nontransfected control cells

wer e sham@g&bgﬁg ted 5 with a control plasmd. The conidi9bsesalies -
senesced an Ied by passage 12. Cells were grown in 50 [err|M -

Zl[err]SOerr] selective nedia for two weeks unt'?é stably transfected cells

began to proliferate. Several control culture dfShes received no zinc '

sul fate (no induction of_the matallotgi onei n &{om)ter_).,Aftgr Evvo weeks of
a Qi

ref eedi ng (four week$rapesetion, Zri Wihis BAA was addeddsepiviss inip J serum-
phenotypically 10 Eﬂéﬁ ' i | t FSxtdl {:ch%mi s

rapidly than the surﬁ)eun |K‘éﬁ§?c}fgr%116% ?ﬁg‘]"ggﬂgﬁésﬁ E‘?er additi Or#agag%nﬂyand
ref eedi ngs, one of t cubated abfoohhtenipepatafedfor & chinttes) b8IUgoftBNANWEY ditrel in the
rapidly growing cells, Approximately 5 x 10[err]. cells/foci, were renoved
fromthe culture pl aﬂ‘mlﬁgeaseatlsaapwbmg.mmm ngyhated fop f hours dthe
to a six well plate. [eSPAR : G ulng? 4.1 '
presence of 15B flaril\%wgllv?ere S%P‘?@%‘%‘op@.ix éﬁggﬁget%og&g"’ﬁ%éxfg,r%’{ﬁheartand
cel I s/dish w th thebpshst ¢ellswené sflit ifterd dishésreach dtBex 61 celisahd placed ander G418

propagated every 34 days.in the presence of .zinc at | _x |lQ[err
cells/cnferr] until pelsctigrandzincindpetion JFagi Gfﬁlsi%ﬁéﬂpgﬁg%&ﬁéﬁwlﬁ&&at
about passage 20-22 -|@Fe s e 4.0, At Q. about 1.0
popul ati on doubl i ngsﬂ&gtrb%ﬁay. %5%‘?8%- Ceﬁo?i@%i\f\%x%@esg%geg%ggéé?fﬁ/ggﬁ% om
transfected 20 skin cells isolated fromgkdnifdy40l d chi cken enbryos.

The results ofyglhis exper | PedingSeedibhict Sbildiniik BURCTOR iinls SoliBlinkRR" | 1

the literature as a suppressor tunorigenesis and as a growt h regul ator.

Duplicate cultures of skin cel |'Fheneile wetatested foradversé tramseripthseactivaty. 1 x 10°
construct containing an anti-sense p53 gene fragnent. Cells transfected
with this construct &eHsfem rapidly growing cultures wers/isalated in 4 sl media. Themedia was

passaged. 8 x 106 ceortien byl sb Eumiresknfaadt ek o e s HOIT gl 98
transfected w th thespacellPhereiapsitd doér a1 0% glyerod etadeetit. TFhec@adiient Was spun for
l i pofectam ne Transit |1 (PanVera Corporation, Mdison, W) at 30 :

passage 2. Norkst r ansf6@onisutesat #0,000 rpm wsingtani SWH0 tojorBeckman Jastgaments, Pal Alto,
control and as a neogtiyegtel L deat hecontl ol Sl ofhethllia G4 il b8 bio
PCT/ US97/ 14391 20 pellet was resuspended in 20 pl of Nonidet P-40 (Sigma Chemical Co., St.
Louis, MO). |
| An eppendorf tube was heated at 41°C. 5 pl of sample was added
20 to 45ul of reverse transcriptase cocktail containing 45 mM Tris, pH 7.8, 2 mM 2-
B mercaptothanol, 2 mM manganous acetate, 0.1% Triton X-100, 10 pM each
dATP, dCTP, dGTP (Bochringer Mannheim Biochemical, Indianapolis, IN),
2.4ug polyA (Sigxna), 60 ng primer dT 12-19 (Pharmacia), 0.4uCi/reaction *H
thymidine triphosphate (15,000 to 28,000 cpm/pmole activity, Amersham).

25 The reaction was incubated for one hour at 41 °C. A negative

control used 5 ul of ddH,0 and 45p1 cocktail. Two known positive controls
were included with the assay. The assay was stopped by adding 1 ml of 10%
trichloroacetic acid (TCA, Columbus Chemical Industries, Inc., Coluinbué, WD).
The mixture was filtered through a Whatman GF/C glass 0.45 micron pre filter.
30 Several washes were performed using 5% TCA. The filter was transferred to a
scintillation vial containing 5 mis of scintillation counting fluid. Samples were
counted on a Beckman Instruments Scintillation counter using a 050 to 600



transfection, 2-12 [err]/[err] DNA was added dropwi se into 100 [err]
serumfree rredl um (RPM 1640, Life Technologies). The m xtu

gently andve ARE53f ed at roomtenperature for 5 mnutes. r"?’e"f@’%ﬁm
was diluted in the Transit |1 reagent supplied by the rranuf acturer and

i ncubated for 6 hours. The 5 cells were wadkhed and refed. Follow ng a
24 hr recovery period, both heart and breast cells were split into 4 dishes
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t hrough sever freeze y. the cells. The nedia with
| ysed cells re Iagé?‘ ag:’i’ 5%‘3?%‘1?3gr§§f%nt The gradi ent was :
spun for 15 60 m nut es at 40, 000 [err] gt m gn SW0 rotor (Beckman
Instrunents, Pal Alto, Vi rus nt pel |l eted. The
medi a was d| scarded and the pel | et R@&‘i‘“ﬁﬁgﬁ’é‘ gﬁ'&% %’f&ﬁgﬁ] of Noni det
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th th Th L4, %1 . %
WICI d (TeCAaS?:gl?/unbugr%Eem cm@??% ggtgfg&e@p?ﬂg , d&ar%%;s{d;’g\v%ﬁlﬁlfﬁ@ %1&%?&%&8

was filtered iShr ougp53/nttaitethionéin/prombtes arelcuéiently at passgpecOf follbwing idGoduction

Several washes were perforned using 5% TCA. The filter was transferred to a
scintillation vial e%ﬁheasqmﬁgnmmnﬂarhes@nﬁtMqrathaeﬁwe@wm%‘febneswm
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and were contact inhibited. Breast muscle cells are currently at passage 52, are
morphologically normal, demonstrate contact inhibited growth and currently

20 have a population doubling rate of about 0.72. Thirteen clones were selected for
analysis. The heart cells are currently at passage 20, are morphologically
‘normal, are contact inhibited and have an average population doubling rate of
0.6. Several of the clones ﬁaﬁe population doubling rates of between about 0.8
and 1.1. More than 10 clones were selected for further study.

25 Example 6
Soft Agarose Colony Formations Assay to Assess Tumorigenic Potential of

Cells
To test for tumorigenic potential, the pS3/metallothionein

promoter transfected cells were tested for growth in soft agar. A soft agarose

30 base was made by mixing 12 ml of a 2% agarose solution (that had been
autoclaved and cooled to 56 °C) in 21.6 mls of enriched McCoy’s SA medium
[BRL/Gibco, 120 mils fetal calf serum (heat inactivated, 5 mls Na pyruvate(2.2%
stock), 1 ml L-serine (21 mg/ml stock), 5 mls L-glutamine (200 mM stock), 12.5
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21 wi ndow setting. An increase of threefold counts over the cocktail .
backgr oungyg gsagszcont rol ) was consi dered positive. The pri nBEHUSIW I es
tested negative as did other cells used in this invention. For further

I nformati on on reverse transcrjptase assays see)%'i (Crittenden, et al.
Virol ogy 57:128-138, 1974). Exanple 5 Identification of immortalized cells

The cells were charac i ze i rd al en _t he

about 25 passages. | riils Hans (H yePby Py peesies (P et el izka (028,

the p53/metal | ot hi ongivenGRIloFWRAMINERAVREArESE whdbpsurédentodl 100 mnd tisardenivaret

about 0.6 to about 1.5 popul ati on doublings per day. This rate vvashc%r}par ed
ood fo

to late stage untr eadish apd adowed:tol solidifyat rdemitemperaturedn adissueeulture r 1 hr.
p53/ et al | ot hi onei n pronoter ¢ truct) controls that h ﬁmﬁg | afj

doubl ing rates of about 0.1 to%ﬁﬁ%‘@?&é&oﬁ?‘%’e@oﬁ% i Q"ﬁa‘g‘ty‘*.&@ﬁbﬂ“‘
cel | s receiving the iy conflubRPéulRindl byirRiioatiboioeaHicoe a Sl el Bidnriontin
passage 70 follow ng 1 ntroduction of t'he 'gene construct into the cells.

More than twenty i mfrestaDMIEM médiacentaining 103 dietak ¢abfserym ((with{L~ghutaneine pagdh
procedur e, The cel | o RS, EorRoL OBLE L DALY |30 ISIE AR R o 42l of
i nhi bited. Breast nu ' : )

nor phol ogi cal 'y nor "Emﬂﬁg‘geli}gfcbﬂﬁﬁﬁﬁ?gé%?&g}) gﬁ&fé&é&@%aas%&ﬂ%dg&ug&,ﬁmsa

20 - . have a popul ation l'ing ra . Thirteen clones were
sel ected for anal ysi gl 2fmeerbaptodthanel. Carerwasmeededhtol be certaputbetithe waom ar e

popul at i on_ dodBl | ng Pedislegarcsegvasas fetabelore HHBRe 8 RELs- REER Fopth 8f g gbove
doubl i ng.rat es of Detypaglwis B dn e Al i, 10 ¢l ones vere
u .

sel ected for further Exanpl e 6
Soft Agarose Col ony Fornati ons Gisayeré grotaset37°Cuinaisy O0,ando6%nir cubdtor and

P Lo T AR R Db e PRSI
Do oS e 2 ey RSB hy buind Bl e 20,39

nedi um 15 ~ and 35 for colony formation and growth. All stained colonies greater than 60

pm were considered positive. .
Al cells tested negative. Further information related to the soft-
agar assay is available from HamBurger, et al. Prog. Clin. Biol. Res. 48:pps 43, -
135, 179, 1980. | |
20 . Example 7
: Tumorgenicity of Immortalized cells
Under the guidelines outlined in the University of Minnesota
Animal Usage Protocol (protocol #950300-1, March 1995-December 1996) cells
25 were injected into test animals to determine whether or not the cells were
tumorigenic. To test the tumorigenic potential of chicken p53 under the control
of the chicken metallothionein promoter, the immortalized cells were injected
into chickens. '
Actively growing cells were removed from cell culture plates and
30 were injected into six SPAFAS line adult chickens. Subcutaneous injections of 4
x 106 cells were placed into the wing webs of the chickens. The injection sites
were examined weekly for 3.5 months. No tumors were observed at the injection



[BRL/ G bco, 120 mis fetal calf serum(héat I nactivated, 5 ms Na
pyruvate(2.2%.stock), 1 m L-serine (21 ng/m stock) 5 mMs_L- am ne
(200 v sMRRY0683D 5 \Wp 98/ 06827 perissh il

PCT/ US97/ 14391 22 nml's Hepes (1M stock)], 5.9 mls Asparagine (4.4 ng/m
filtered sterilized stock). Seven nis of warm3redi a/ agarose was poured onto
a 100 merr] tissue culture dish and allowed to solidify at room
tenperature in a tsm@ean)ubﬁhem'ahsfectedoells](slmm heaet dngl mescie)produced té dataand

actively grow ng ( out 40 to,a %é 70% confluent) cultures by
trypsinization to a‘é’@fr suspension in fresh DVEM nedi a

containing 10% f et aI cal f serum (with L- gI and

anti bi otics-antinycotic). @g .was added to 4.2 n
of DMEM nedi a contai ni ng 18&0 y’%‘i"l’é&?‘r‘“wm nﬁ?f)totﬁ‘on(gpnl rose, and
50 [err] 2B-grercaptoet hanol . M&eﬂ@&éﬁﬁé&ﬁr&&@&ﬁ@"&%ﬁﬁp&rﬁ Sﬂ%dﬁ@idﬂ 10

nmedi a/ agarose was at 42[err] C before addi'ng the cel m of the
above cell suspens2.6x mseﬂs/enﬂtanmmhepﬁynm@ﬂo&nmqmmmotemmegrovvn

at 37[err]Cin a 5%.CO2 ap air r and o served for

DuhIOl i c?t e( ||oll\ra|1_t ets \'réélf"é’t%d( tﬁé§§$ 1§3§ rﬂ‘?@ﬁ&ﬂ’s% %SF §?§r &ﬁ%ﬂ’% .
chlorite stai@ an
35 for colony for %I on a %ﬁ%%ﬁ@apgl negc%%f%ﬁ?gg fqbroe(gter ?%an 60
[err] were consi deirnﬁd:timsvirus/paméllek/ceﬂl Infetied cells warggrown in foller botties and
information related to the soft- agar assay is available from Hanburger, et

al. Prog. d@n Bi olested gt 4864and ZRFoursafter infyctionmr depapnstrated productive viral

Exanpl e 7 Tunorgenicity of Immortalized cells Under the guidelines outlined
in the University P nnesot a Ani nal Usage Protocol (protocol #950300-1,

March 1995- Decenber 1996) CeUeﬁs%realsosééﬁé&xd:'%ll@r%cﬁﬂeéit@bkqg“céfé}'dﬁ?l‘i‘h&o
determ ne whether or not the cells were tunorigenic. To test

tumori geni ¢ pot entiodler b«btﬂchmimncqﬂmedmdamm daystancs rodler raok setrat@léetm 05
gﬁf glkla(rjrts h onein pr BB Send wereI fed % hnz ﬁgrp%36v11|'usé o\ﬁ'rurekeys %I'IIISI;] Est(r)mn
15 'R2/23). Cells were infected at a multiplicity of infection of 0.001 when there
were about 1.33 x 107 cells in the roller bottles. Cells were harvested at about 90
to about 96 hours when aﬁout 40% of the monolayer had evidence of

cytopathology associated with infection. Cells were grown and maintained in
DMEM with 10% Hyclone y-irradiated FBS, 2.5 g/L TPB, 2 mM L-glutamine,
20 100 U/ml Penicillin, 0.10 mg/ml Streptomycin, 0.25 pg/ml Amphotericin B, 1.6
mg/L insulin and 1.6 mg/L Transferrin. Initial studies demonstrated that the
cells produced about 1.4 x 10* pfu/ml.
Cells were also able to support Marek’s Disease Virus rephcatlon

Experiment 9
25 _ Use of Transfected Skin Cells as a Cell Substrate

The cells of this invention are useful as a substrate for supporting
virus rcplicatibn of primary cells. In these experiments the p53 immortalized
skin cells are mixed with primary cells. In one study the primary cells are
infected and mixed with the immortalized cells and placed in culture and in

30 another study the primary cells are infected and placed onto the immortalized
cells where the immortalized cells are alrearly positioned as a lawn in the tissue

culture flask. In one example the virus is Egg Drop Syndrome virus and the



Actively growing cells were renmoved fromcell culture plates and 30

were injected into six SPAFAS |ine adult chickens. Subcutaneous injections
of 4 x 19O MBH6%2 were placed into the wing webs of the chiRGEESIVE
injection sites were exam ned weekly for 3.5 nonths. No tunors were
observed at the injection WO 98/ 06827 24 '

PCT/ US97/ 14391 23 site for any of the transfected cells (skin, heart and
nmuscl e) produced t rﬂﬁf fard h‘ﬁp} m’, ' ; CoxBm
Propagati on in p53/netal Icgt hi ohei n cgllﬁlbﬁﬁ nes gﬁ@lﬁﬁﬁ‘é&ﬂ},}’mﬁﬁéﬂﬂd The leéﬁié
cells are tested f qrintdrgicellssdre endothelinl sells) preferablylddyeycmhdothelial cells and the

nf ect ed i th ViBS: MR FaEEeRapRoRGhRByR T8 RGPS T pf Bpgp 8 ©
TC Dl er 1]/ M Cel | Syt Sfaftue3:) bl 1:90 ki flord Bicfizbtng Bl £1605.

0.001 or 0.0005 infectious virus partic ct S were grown
in roller bottl es  &fitusititers from printaeylcells gt8wing4n dlncimixedoell popakation atreighdri on

. and denonstrated productive viral gromh. Cells were also seeded in roller
bottles at 2.0 x | thansyirys titess feom pimary cellsdn cultyrg along; ﬂi@érwt@hz?@% ed
at 37[err]C for 8 Bpfa%L ﬁﬁcﬁm%’u? 515!3@ ‘Eﬁqi‘} wer e
infected with Her pg@él&rtﬁgpo uéﬂfégy}é%% Vi rus, pébtptfl%}t%nl #o %).
Cells were infectegoaditongiul tiplicity of infection of 0.001 when there were
about 1.33 x 10[err] cells in the roller bottles. Cells were harvested at

about 90 to about 96 hours whWhilgpaticulapembpdimentsefithe inventiembavehegance of
cytopat hol o assocj at ed .wi t.h _infection. Cell s were, grown,and jatained in
OVEM vi th 109 hycl SREHPefh t‘gﬁbg?Pmt&P¥5§%WE°&ﬂﬁ%ﬁﬂﬁ 20
100 U'm Peni ci | | Reniddients il exSinpiy S4iisithan Brithg] 8id ibeHueATBROSEMECI N B,
1.6 ng/L insulin and 1.6 ng/L TranSferrin. Initial Studies denonstrated

that the cells prodoventionbiothat defined in Gedfollpwing clduisl s were al so able to
support Marek's Disease Virus replication. Experinment 9 25
Use of Transfected Skin Cells as a Cell Substrate




The cells of this |nvent|on are useful as a substrate for supporting virus -
repli catlon of %r exper| ments the p5 giggzed
skin ceWYQ9%8PeB24; xed Ii Il's. In one studythep b |1s are
i nfected and m xed w i zed ceIIs and placed in culture and in
30 anot her st udy the pr| mary cells are i BPect ed and pl aced onto the
immortalized cells where the i mortalized cells are already positioned as a
lawn in the tissue WhatisClaimedd®. I n one exanple the virus is Egg Drop
Syndrone virus and .t he 08L 06827 . . . . :
ST US07 114303 24 phri ) POGRLLOR RAGSoToRimg primare BTt Sl comariFing e steps
In a second exanpl gfthe primary cells are endothelial cells, preferably

ki dney endothelial cells and the virus is infectious bronchitis virus. The
preferred ratio of pri moyiﬁoaiﬂgnuclehmidleneddingpﬁ&mdesth@owhohofa 5to
about 1:20 and nore yabJy about ,1:10. 5 ters from mary
cells growing in tlﬁg@ﬁ‘?@g’d’ E1; Rromafee i 2 BERE VRCLor|eR ? Wé??h&gre?fgreﬁ‘ Ept
fromprimry cell sg B.culture alone. The i mortalized cells allow the '
primary cells to b uéed for virus propagati on under commercial conditions.
Wil e particul ar enbodi rintrbduchig thegeneveotér into grimaryhearrodént cells; aidscr i bed
in detail, it wll be apparent to those skilled in the art that these

embodi ments are exerrpl arsglecting fgct of ealls with popwlationdpubling times of abeyt O to he

i nvention is that d | N Clalrred
oM A et nod oPRTES paRut AbHRES ek G Brein ms SRIARRIES ng ™ he
steps of positioni RgnSitidtienepative 4R hoT R r the control of a

nmet al | ot hi onei n pronoter in a gene vector capable of di recting expression

of p33; introducing the gene vector into primary chicken cells; and
selecting ool of el syt L0 RaRHAGLY! MR AL 2L AR EE o

derived.

3. The method of Claim 1, wherein the primary non-rodent cells are human-
derived. ! '

4.  Themethod of Claim 1, wherein the cells are skin cells.
5.  The method of Claim 1, wherein the cells are breast muscle cells.
6. The method of Claim 1, wherein the cells are heart muscle cells.

7.  Immortalized cells containing a gene vector capable of directing -
expression of p53 under the control of the metallothionein promoter.

8. The cells of Claim 7, where the cells are fibroblasts.

9. The cells of Claim 7, where the cells are avian-derived.
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popul ati on doublings per day, wherein the'cells are reverse-transctriptase
negative and are non-t WhioSkeetdlas Been Replaced The nmet hod of Claim 1,wherein the
cel |'s arwosgioss2rel |'s. 3. |ﬁ|"nﬁmJWd of aimi[err] WROTSSYIMCel | S
nmet

arc breast nuscle cell S.M hod of Claim1, wherein the cells are
heart nuscle cells. 5 od of -Claim 1. 2gherein the cells are
fi broblasts. 6. A nethod for propagating virus conrising the Steps of:

contacting at |eastjgone 4 feBdd ' gﬂfiﬁfsil,“ npridd t one cell of
an inmmortalized chilgken %gl cu@?gﬁoéhéﬁ rern the g%?{lg@%@fﬁ% ul ture
contain a gene vector expnmstingatlpist oneildections vivonpartitleobith ideast one cell of an

nmet al | ot hi onein pronoter, and_col |l ecing virus ﬁro uced_by the cells. 7.
The nethod of O ai ABorigkzedesll qulturs,iwhezein thegelly of the culture contain a gene vertert

Claim6, whereint e ' ' ' The t hod of
‘Claim 6, wherein t %gprze %él)ﬂuép #i“lk—%'\rﬂ%e;%d? El# Pﬁ@g%&féﬁﬁign%gtpﬁ%raopgrmﬁe
propagating virus conpr icsuaﬁiﬂghﬂnﬁtlﬁmce&bythe?&ugpht acting at | ease one

i nfectious virus particle with a primary cell; growing the primary cells
with mortalized chicken cells containing a gene vector expressing p53
under the control t he,net al | ot hisone onoter Ln ¢ cul ture: and
coll ecting virus pﬁgducz@efmah?&ﬂgb@gph%c%{?%. °i’1’.““se$'%¥“§a| I zed.
non-transforned chicken cells containing p53 under the control of the

nmet al | ot hi onein pronoter and contairing at | east one vector capabl e of
di recting expressi df. of Theanethod afiClaindiOeiwvherein theeviruelis HVT12. The cells
of Claim 11 expressing reconbi nant protein. 13. The Cells of Cdaiml2
wherein the vector encodes at | east a portion of a feconbinant virus, 14.

ggEEfe' s of Cai mil VRReGhEnbE 8f LRI A0, Whefkid fhe viths iR owfiidxirus/ VENDED

14. A method for propagating virus comprising the steps of:
contacting at least one infectious virus particle with a primary cell;
growing the primary cells with immortalized cells containing a gene
. vector
expressing p53 under the control of the metallothionein promoter in cell culture;
and

collecting virus produced from the cell culture.
15.  Immortalized, non-transformed cells containing p53 under_ the control of
the metallothionein promoter and containing at least one vector capable of
directing expression of recombinant protein in the cells.

16.  The cells of Claim 15 expressing recombinant protein.

17.  The cells of Claim 16 wherein the vector encodes at least a portion.of a

recombinant virus.

18. The cell.é of Claim 15 wherein the vector is a retroviral vector.
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