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-1- | MPROVED | MMORTALI ZED HUMAN SKI N CELL LI NES AND NO\/EI[,CT,EP%, .
SERUM FREE WRSFRMOUSEFUL FOR THE PRODUCTI ON THERECF G988
present invention relates to inproved continuous (i mmrtal i zed) cell

|l ines derived fromnormal human skin tissues, in particular keratinocytes
and mel anocytes which retain the ability to express differentiation
proteins 10 characteristic of differentiatged nmel anocytes or keratinocytes,
even in high passages. The present invention also relates to novel
serum free nedi a which do not require the use of feeder cells.

Backgr ound QMRRQVEMMMQR'IALIZED HEBVIAN SICIN GEBL LINES ANDNOMEL
i nes derive UMIFREEMEDIUM USERUL FORTHEPRODUCYION THERESF !

gener al suc S conprise transfection or transformation o ufman
skin ceII$ e. g , keratinocytes and nel anocytes, cultured in vitro with
agents which provide for imortalization. 20 | mortalization

refers to the pragduction of ¢ ar.e abl e cul tur f.or

br ol onged ¢ 1 me pAREGRrESP VERKOR rH{ALFS ¢8] iFuBPYRd canbRueys (imiatialiese] ool
al so ref errEdes aeaived ofrbimn momnat dluman rsksn t&,sues;nhr @mrtmdar ikenatinedytee cind
cells are Lo g ni dj ns
in vitro. Zgn 1T m&%éﬁ i ze oﬁcefel a\rl\%‘%h aﬁ? ﬁdes regc e gggg%géemﬁi An Fy‘{‘é@}bs
stabl e, t@hﬂmauenync of| dfffmn@atgdppn appcylgs| or hketaﬁ@osmeiSneqven in high
char act el SphSsgeTHE pldseRfin2afiBh Sl relates R RBVEN Suli T Ak ARE Hifich ldo
i nes and i llf{g n?aqsm(f l'ines in parti cul ar i ncl ude,
e.g., virusBQtreausthe Ham Pl feedss eslls-ang pl asni ds whi ch contain DNA
sequences whi ch provide for immortalization. 30 Probably the
NDSt  CoMDNg oducyno.lnnnrtallzed human cel | | i nes invol ves

the use of e specifically the Sv40 large T
anti gen R\IA as an i rrm)rtal | Zi ng agent For exanple, Steinberg et al.

J. Cel Phys, T
4,885, 238 | psued ¢ ThE Bradys i d%zll 1l Bhedderd Hﬂ Hort Hhifftin Iyﬁ"b%‘si‘ﬁeés
i ssued on Reray preyious Y f%ﬂ’bedSt ‘g,engga aﬁ“Ch T@ @F °R§3Pn5°53'38 cton or
(1991); Choﬁhﬂsf@fm@iwn ofthuvhir ekigetells, e.g., keratinocytes and melanocytes, cultured

in vitro with agents which provide for immortalization.

20
Immortalization refers to the production of cells which are able to be

cultured for prolonged time periods irn vitro, ideally indefinitely. These cells are
also referred to as continuous cell lines. By contrast non-immortalized cells are
only capable of growing for a finite number of cell divisions in vitro.
Immortalized cells are highly desirable because they provide a stable, potentially
infinite supply of cells having defined characteristics. Conventional agents for
producing immortalized cell lines and immortalized human skin cell lines in
particular include, e.g., viruses, recombinant viruses, and plasmids which contain
DNA sequences which provide for immortalization.
30 .
Probably the most common method of producing immortalized human cell
lines involves the use of SV40 sequences and more specifically the SV40 large T
antigen DNA as an immortalizing agent. For example, Steinberg et al., J. Cell
Phys., 123:117-125 (1985); Reddel et al., U.S. Patent No. 4,885,238 issued on
December 5, 1989; Major, U.S. Patent No. 4,707,448 issued on November 17,
1987, Stoner et al., Cancer Res., 51:365-371 (1991); Chopra et al., In Virro Cell
Dev. Biol,, 30A:539-546 (1994); Chopra et al., [n Vitro Cell Dev. Biol., 27A:763-
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Dev. Biol, 30A 539-546 (1994); Chopra et al., In Vitro Cell Dev. Biols,

27A: 763- , CONFI RVATI ON COPY WO

97/ 23602 WO 97/23602 PEHERNASBIS 812
- 2- 765 (1991); Christian et al., Cancer Res., 47:6066-6073 (1987);
Rhimet al., Sci ence, 227:1250-1252 (1985); and G ubman et al.,
Gastrointest. Liver Physiol., 29: GL060- GL070 (1994) teach the use of
SV40 vectors and SV40 large T antigen 5 sequence containing vectors to
produce imuortalized human cell lines. Thé™ i ntroduction of such
sequences is generally effected by infection using SV40 virus or with a

hybrid aden@65r(i$912;, Shitianbei al.,vQaneeroReby 47: 5355@030(‘193‘7)06{&‘31 vétt 8.2
T e SHEBEE 2273950 ﬁé&%ﬁ% o %@@Wﬁ?
(See Brash @9:GH06&N-G10VBL(1994) tethd ¢ use D®§¥‘§D8ﬁ1‘2t0(51‘987$)f40 laf"e T antigen
Anot her !(510 Ukl foerfrtQi{nIJrW Qied 8 9o ggEer{cél rﬁ%rﬁiﬁ%?'ﬁd}ﬁ% lines. The

cytes In s.trans ection of

i nmortal i ze o)
i nfection mf\fs@pnso ViUCh SRaweRFes b BER v.e?fﬁgtqsilw Gldor BSINERRY4R,XAm e,
U.S. Patent oﬂ&xtﬂ\bhyﬁnaéaewmdayz S0 nﬂ&hd v{r&§ oed tfahsf@emrmafen%%thw%

d b t t ed
Hv- 16, 18, respmbiagh pagic CoflaininE Rhe M Sagidtnn i ToBk S AL HidFap anddce
non-t unori gﬁfm ©n+-31vfét)tanlriyzmgxon byestﬂontxunephosﬂhstn c@Bardmpitatein. a(See Brashgeine

, 4:1529¢d.532 W -Virol., 63(10):4417-4421
(1989) té%c t @hfﬁ?sfé) E6 and 20 E7 genes to produce

i Mmortalized human kerati nocyt es. However, while numerous groups
have reported | NERitEr AWt MetHi o? prodikidg | irfRSrtafiped t BEll T [iHER0 Ak

in vitro assays I, ous i rtalized kerat noc I nes
O A prtined e ForHaat ies SRR, SHisTyes Famseatonor dabustios
whi ch rlendedsf tels lwmsammaﬂxl% Maﬂiaa«m@h @ UBNA-gequeetepl d?orpemgnples :L|$'Sr Haerited
i morta yt,e i t
char act er| st C§ a? eauct i é %gs{’%? e(g)}gr gxgg{@hﬁ%;ﬁ%l fﬁergnt gg%‘n'g%es
mar ker s, e.ignmorta pafmxepﬁémmmcpxdn@aéxpﬂses\sﬁw ted HRRY - 16, k& rdnt33aoeds
Eﬁlr ?E 'r gocytsé ;an@ g7 %:e'n%s or tft thé tr?/f gémg @3&@%&@5& %Bh&hh%%exé ix%ﬁrkﬁ"tahzed
92: 203- 209 ¢elblings. réﬂﬁg {Bar bosa et al. %m:nﬁ £ 1523 1555 (?8&9) andrwmnger et al.,

L Virol., 63(10):4417-4421 (1989) teach the use of HPV-16 and HPV-18 E6 and

20 E7 genes to produce immortalized human keratinocytes.

However, while numerous groups have reported immortalized keratinocyte
cell lines, and their usage in in vitro assays, previous immortalized keratinocyte
cell lines and melanocyte cell lines have typically exhibited one or more properties

25 which render their usage disadvantageous. For example, previously reported
immortalized keratinocytes have exhibited one or more of the following
characteristics: (i) reduction or loss of expression of differentiation markers, e.g.,
proteins which are expressed by normal differentiated keratinocytes, and (i)
altered growth characteristics in tissue culture.

For example, Jetten et al, L Invest. Dermatol., 92:203-209 (1989) reports
SV40 immortalized keratinocytes obtained after high passage number (> passage
12) using the vector NHEK-SV40-T8-1 which are unable to differentiate.
Similarly, Bernard et al, Cancer Res., 45:1707-1716 (1985) report isolation of an
immortalized keratinocyte cell line referred to as SVK14 which is reported to be
almost completely unable to differentiate. Also, this cell line shows no expression

(V5]
(¥,



SV40 imortal i zed keratinocytes obtained after high passage nunber (> i
passage 12) using the vector NHEK-SV40-T8-1 which are unable
di fferenti aW®9723603 i | arly, Bernard et al, Cancer Res., 45: 1?57"???’858’2

(1985) report isolation of an 35 immortali zed kerat i nocyte cell line
referred to as SVK14 which is reported to be al nost conpletely unable to
differentiate. Also, this cell line shows no expression WO 97/ 23602
PCT/ EP96/ 05812 - 3- of
keratins K1/ 10 (>53 kD) and the 50 kD ker acin (keratin K14), which proteins
are normal ly expressed by differentiated keratinocytes. 5 Still

further, St emﬁhemagnetKM 10 (>530eD) .andhghei 50 kD k2atinl (keratin (KBS )whiehoptoteins
SV40 tr ansf of E%hﬁ?téx Qe sateﬁsqtyy@kfoe?erﬁ]ﬁgﬂ'?cle{'éffrlq(%gf'est he ability to express
I sti

keratins Whl [Cter nor ma ratin cytoskel eton. This
| oss of nornal keratin expre55|on occurs after about 10-15 passages.

Al'so, Hogis et aky ﬁln@n§€erl,\}\£&g Er@_a}_?_ﬁﬁg@%%éz 1gaEss ¢ XéQS ort
imortalized erat| nocyt es 0S t o produce :

K6, Kia/15, KY{80atanxépymed, 5@rwosmfs hichygradually igsec epra@t‘léti)’n§°aF§P"ess
char act eri stieratths MﬁBﬁ'ar@' thﬁﬁﬁ:ﬁﬂsﬁ@' ofktHeahbrmalyketatin cytoskeldtonf UThiggoss of

Mo |, P A 8- 8502 1985

Sva0. | mor £ AITIA Kesp eXBEFRD SiAvLR after m%aﬁgﬁ%pa&a@s S RsbeBfianisst ol

exhi bi t Qamger \Resedd4 5798 x P80k 1 W4 )otfeach 5640 IDHAdnﬁtms‘@lxlzedekea'atmecyﬂésr
l e, jigh

A oo Bl Rfichhi Bt “%%ﬁ@céﬁxﬂ%e*@%%mﬁ?ﬁé 558 K17 Retatidbng

i mort al | zeanQMHnnwéWe@mmn@haréﬁhamtem% L Featial tkeratinocsges.n

tissue ORIt tﬂiﬁhemﬂoﬁi@eme | BORAY8S850NERIBS) teach

imortalize s 20 requ %%#ﬁﬂamﬂ%
Previ ously g%.gg) |‘WW%@1&€YPBP°%3U@?‘56 %‘%‘ifamsg%gfsrﬁnﬁﬁsage 14) exhibit
kerati nocyt dsighlydratticadoanpiressitiof Claps dhland Oiad It ReratinedeForc ekhmipde,hthiegeie

cul ture 25 AAFaRTGY gsﬁsﬁnb b P pBriaior kTS U C ' Shiion & al )

"St abl e transf ection of human keratinocytes: HPV immortalization,
Keratinocyte Methggls, | I Riig \¥;
179- 180, (1994): %arl’saﬁ?&s hlegel eg jvgglé%ﬁ %6: éé%ﬂ gggcé'%)ed‘nilt%’se 40
(eds. Lei gh Impprtaiz kef@é’r?ﬁﬂeég‘é‘ it gltened sgro 1chara tg:ggtu(slygmue

teach the usalke. el &ddrhpleerunlile tczinal riceratitlocitesn thdseeiinmortdlized eeRS

t he isol %bl %q&?gapjr'l%dgeedexgpayertcl) gTTTé)ert al i zed keratinocytes.

Previously described methods for producing immortalized human
keratinocytes and melanocytes have typically used the feeder cell technique
(wherein fibroblasts usually function as the "feeder” cells) and generally. culture

25 cells in serum-containing medium. For example, Sexton et al., "Stable transfection
of human keratinocytes: HPV immortalization,” Keratinocyte Methods, eds.,
Leigh, LM. et al., University Press, 179-180, (1994); Garlick, "Retroviral Vectors,"
Keratinocyte methods, (eds. Leigh I.M. et al.,, Cambridge University Press, 181-
183 (1994)) teach the use of fetal calf serum containing medium and feeder cells in

30 the isolation and production of immortalized keratinocytes.

The use of serum-free medium during the isolation and production of
immortalized epithelial cells, and specifically human keratinocytes has been
previously described. For example, Barbosa et al., Qncogene, 4:1529-1532 (1989)
describe initially culturing human keratinocytes transfected by electroporation or
lipofection in low calcium, serum-free medium until confluence.
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The use of serumfree nediumduring the isolation and production of

i mmortalized epithelial cells, and specifically human kerati nocytes has
been previ ously described. For exanple, Barbosa et al., Qhcgag=n,
4:1529- 1532“PT§§§%”35 describe initially culturing human keraPCﬁ@%?W@@rz
transfected. by el ectroporation or | i pofection in [ow cal cium serumfree
medi um until confl uence. WD 97/ 23602

PCT/ EP96105812 -4 -

However, notw thstandi ng what has been previously reported, there stil
exists a significant need in the art for iftortalized human keratinocytes
and S nel anocytes which possess inproved properties, in particular which
mai ntai n the differentiation potential of nonnal kerati nocytes and

mel anocyt es and ffe ent i I ot ei char act ti

of di ff)ere?\tlat e\éﬁﬂgéé(ﬁ%c@ﬂ%gp{héfﬂ?ddl %‘I g’ CVbQ}%ﬂYSa'FP%‘F al‘Flres stil

passages. Smmstsea Isgmﬁuant beedhiighthe bﬁnﬁdn nnmorfszuzed humanykmageeytes nand
ticul ag I h

o 2, faBBees ER S oA AR Ol i

mai nt ai ni ng difl erwiaﬁenypamtxahmﬁfr mm@édkmﬂaw)ﬁo%w& raﬁ!@nneytea auyt whickas

wel | as i npreqpgshs dtfféié':'lt‘iéﬁdnn r&emmﬁaefaaé&té‘r&tﬁocmﬁffé?eqma&& mﬂaﬂawﬁen d

f eeder cell

I nventi o
it is an obﬁ&s&mm%#e eméﬁﬂ wah Baﬁasa%cgupaﬁu%wuld bec'a%)ﬁ beneficial for
(i mortal i zeadnyasdges; i rﬁeﬂla\red assoys Whlidfﬁfedilw&ﬁdif&kd:m:dteé skia ceHs Thcre

copec o RE S "Enkel 1 WACE 7 AT SISROBHR et i Sty
differenti apelmmd and expnmdzm kcfaftmtE:MGsaand)nndanbeyuas, ay emelhfdse imprayed
passages. SRE théh6as Whi }}gﬁ'n%t i‘&%xﬂpé fifcl use %ff]%déx}&ﬂsnvent lon 1o obtain

|nnDrtaI|zed era |nocytes aln the express
keratins, cytochrones, as well as other dlfferentlatlon proteins, e.g.,

i nvol ucrin, QOhjeatiosf thedfidbehohCri N, which are either not expressed or
poorly 15 expressed by conventional imortalized keratinocyte cell I|ines.
It is still another 25 object of the invention to obtain immortalized-
keratinocytes andovedrdnchyt ead, it isvancbbjerprésthecinvgnten viei produce improteldy

expressed byogif &Iseﬂﬁhﬁ%?tﬂhgecph ‘é@flaixggé’cé’érﬁ%da%ﬂﬁk&%yhﬁﬁx §E&C't%%é’

phase Il enzynes suc trans ases as
and/ or pr ot EsPeeially émmgrealizeddksratinpeytes|and/er melanocyte cell lines denved from

normal human skin tissue which maintain the ability to differentiate and to express
20 differentiation proteins even after high passages. More specifically, it is an object
of the invention to obtain immortalized keratinocytes which maintain the ability to
express Kkeratins, cytochromes, as well as other differentiation proteins, e.g.,
involucrin, filaggrin and loricrin, which are either not expressed or poorly
expressed by conventional immortalized keratinocyte cell lines. It is still another
object of the invention to obtain immortalized keratinocytes and melanocytes
which express enzymes which are normally expressed by differentiated
keratinocytes and melanocytes, especially phase Il enzymes such as glutathione-S-
transferases as well as enzymes and/or proteins which are involved in cellular
oxidation and inflammatory responses.

25

30

It is another object of the invention to provide novel serum free media for
culturing, producing and maintaining normal or continuous keratinocytes and/or
melanocytes in tissue culture. These novel serum free media are also useful for
isolating, establishing and immortalizing human skin cells for obtaining
continuous melanocytes and keratinocytes according to the invention. It is thus a
specific object of the invention to provide a fully defined culture medium (without



oxi dation and inflammatory responses. 30 It is another object of
the invention to provide novel serumfree nedia for cul turing,

produci ng angg@akgi Ni ng nornal or continuous keratinocytes apgifip Po6/0S812
mel anocytes in tissue culture. These novel serumfree nedia are al so use

for i sol ating, establishing and i mortalizing human skin cells for
obt ai ni ng 35 conti nuous nel anocytes,and keratinocytes according to the
invention. It is thus a specific object of the invention to provide a
fully defined culture medi um (w thout -5~ WO 97/ 23602

PCT/ EP96/ 05812 -5 -

unknown or ill-defined suppLenents) for culturi g ker.atinoc teS\M

f eeder cotmknash R - ﬁg% 1p¢d FUBRleTRRAteh forh R ng&r'fﬁfﬁgn &S B’é’é 53¢ Feeder

di scovered tocdiB c’brﬁéxhﬁfg}epmepﬁﬁﬁé\mmﬁﬂﬁﬁtehﬁ}irﬁﬁin Iy bewnmdiscdedrad ito by etohg
serumfree nediu anot h nvention to

b
provi de a noﬁlo“%tﬂ?g?f‘qaé?r ?ggﬁ)xgﬁlr}beratmocyégﬁ gﬂjﬁi‘ h&eéﬂ%‘ﬂflﬁmrtal i zi ng

human skin3cel |s for obtaining continuous nmel anocyte and keratinocyte

cell Tines deri Vedltx 9@{)&%{’ Lc?lé'f@hé dﬁﬁﬁé&&%’on%#owde ﬁbb@pnfé d&gfor isolating,

serumfree nedia, no e accor i nvent| on,
att achnent C(ﬁﬁmbilshntg)nmﬁ mmgmnabzmchuman Bskima reellsy for | owmmgercqmmu@us

"feeder cell Smefa%og yte Ehérﬁéﬂaﬁ%é}te cell lines derived| ﬁ'oﬁ{“?fd?ﬁfal Osmlﬁcﬁsﬁfe t98d

I nvention todﬁa VI I‘I mar erati [O U un er

ocyte
serumfree c &nsF T ITeE & %’ ?taéfbpth%%d%?wi "‘(%T g‘éogh‘fe@ a
ker at i noc>1£)e&eﬂnattamimcadoksaxbebﬂmmagdﬁlbmneshnnBQMfahdrtgparidcollaoannvmhout

Vi vo geneti c (thefap i s anot her object of the invention to
provi de net hogg %qr cég? &-éufwfﬂ%%’is) and i nproved continuous

kerati nocyte and rrel anocyte cell lines, e.g., for 20 immnol ogical,
phar macol ogi cal , t
for the expressi on o mﬂfefgroﬁo_géég d?‘gt%gh%rﬁﬂn f&l_ﬁo{,@dgggﬁ 15%1%%?&%&89

figures 25 melanocytes produced under serum free conditions without the use of any feeder
15 cells, said primary keratinocytes and melanocytes being used for skin grafting and
in ex vivo genetic therapy.

It is another object of the invention to provide methods of using such novel

and improved continuous keratinocyte and melanocyte cell lines, e.g., for

20 immunological, pharmacological, photo- and chemotoxicological skin reaction
assays and for the expression of heterologous genes.

Bl‘i! . I- E!! ﬁ

25

Figure 1 compares the growth (in terms of cell number) of non-
immortalized DKO-NR Kkeratinocytes in three different media, i.e., NR-3,
epinephrine-supplemented modified MCDB 153 and MCDB 153 after 6 days.

30 Figure 2a depicts the SV40 retroviral construct pLXSHD+SV40(#328)
preferably used to immortalize the subject melanocytes and/or keratinocytes

Figure 2b depicts the HPV 16 retroviral construct pPLXSHD+E6/E7.

35



Figure 1 conpares the growmh (in ternms of cell nunber) of non-

i mMmmortalized DKO-NR keratinocytes in three different nedia, i.e., NR-3,

epi nephrl{;v Slrlzp | enented nodi fied MCDB 153 and MCDB 153 after_6 days

Figure 2a g’ 8?‘*}3 the SV40 retroviral construct pLXSHD+SV40F&3EEPS/ 2
preferably used to immortalize the subject nelanocytes and/ or keratinocytes
Figure 2b depicts the HPV16 retroviral construct pLXSHD+E6/E7. 35
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Det ai | ed description of the invention ~6- The present invention
provi des conti nuous (| mmrtal i zed) cell lines derived from nor nal

human ski nDeitgides igtion igNtRe inlémeen ker at i nocytes and nel anocyt es,

whi ch mai ntain the ab| Ity to differentiate and which maintain the abi lity
to express differentiation proteins which are expressed by nornal

ker ati nocyt es o he presemtliavertidreproavdss continughs fanmagadizedy céll finepdenivgd i S

o oo | B3 ndBnRPRSARE Sin tisgled, ) fbrealZl KeBhlnocShed 87 ndfiqVees, .
infinite nyigd mntpastéagpéahtyn@rdnéﬁcmwée and wh:chmmmm thelabidity to exprases
produced agiFirehiistid? &Ft@ein@ve\ﬂhicﬂn a?‘répf edsE§ by ?&&Mlef!?é?ﬁgﬁ&éﬂgs or

proteins ker t|n K1/1 ergg n}é ucrin, rin an

loricrin eWSHICYESS qyeghm %gagqq Bys R%FQ&?@ m?ﬁﬁ"sati least,1Q passagss to
previ O§S| yinl Bultef dpreﬁeramyoet gkast e20-B6r péSsaQes;tmre\Aprefbremtyh%r d@ legdt 50
expr es hes

f,f wh t
di fferenti %S%S%CSprBP& g agtyorfl O3 iRhRIE° "%)Q%B% tr? resgen anﬂ?n

provi des pmariplized akématingeetes apmdtmebdmwprémg to ﬂleodmzentmmohxprs&sruhe
free condi &irpRsnt fbnwéirafyﬁs Nesden RIVG ¥BiabR B4t ﬁi%lg&ﬁz%la@éﬁ %P(dto

differentiate an press proteins, claracteristi’'c of
mel anocyt elOTiERE sencafterdughegssages in tissue cultpre. SUBSAE in CARBASIIO xzr@érlously

kerati nOCYﬁep&ndeGinﬁnébthﬁﬁéH omr@ﬁﬁey&rsofwhﬁh e:tKe@YP&éohd@hlﬁtbrés% Sﬂh@sé ar
i f not 1Pde xﬁte? .10 th%ﬁf nor. ma% kerati nocﬁ&s { nB n
subj ect céd 5 67 B0 FUBITSE REpAEBCiSARBHAR ATOTRRBOSHY S (b ect
i Mmortalized keratl nocyt es express phase Il enzynes, e.g., glutathione-S
Also, the present invention provides primary keratinocytes and melanocytes
produced under serum free conditions and without feeder cells which maintain the
ability to differentiate and to express proteins characteristic of differentiated
melanocyties and keratinocytes.

The subject immortalized keratinocytes have a cytochrome p450 profile
(CYP450) which is similar if not identical to that of normal keratinocytes. For
example, the subject cells express CYP450 3AS5 and not CYP450 3A4. Also, the

25
subject immortalized keratinocytes express phase II enzymes, e.g., glutathione-S-
transferase (GST) and more specifically GSTa, GSTu and GSTr comparably to
normal non-immortalized keratinocytes.

30 Further, the subject immortalized keratinocytes express proteins and

enzyines involved in the cellular oxidation and inflammatory responses, e.g.,
superoxide dismutase (SOD), and type I collagenase and tumor necrosis factor
alpha (TNFa) after treatment with phorbol esters similarly or identically to normal
differentiated keratinocytes. Given these characteristics, these cell lines provide a

35 highly stable, reproducible source of cells for immunological, pharmacoiogical,
inflammation, photo- and chemotoxicological skin reaction studies.



transferase (GST) and nore specifically GST[err], GST[err] and GST[err]
canparably to normal non-inmortalized keratinocytes. 30

Further, theveohiages i nmortalized keratinocytes express proteipSrerstnss:2
enzynes involved in the cellular oxidation and inflamratory responses,

e.g., super oxi de di snutase (SOD), and type | coll agenase and tunor
necrosis factor al pha (TNF[err]) after treatnent wth phorbol esters
simlarly or identically to normnal differentiated keratinocytes. G ven
these characteristics, these cell lines prooad de a 35 highly stable,

reproduci bl e source of cells for imunol ogical, pharnmacol ogical,

I nfl ammati on, pho{:o- and chenqt,oxi col ogi c]al gki n,reacti on studies.
WO 97/ 23602 urther, the subject immdrtahized melanocytes express endogenously

PCT/ EP96/ 058th2lanin associated proteins (see examples 14-15 hereafter). -7-

Further, the subject inmmortalized nel anocytes express endogenously

mel ani n agsoci ated proteins (see exanples 14-15 hereafter).

Al so, the subj ect Alsedhe subjest imsnertalized, keratimocyte aeld lined anel svedanaoyte elell

| i nes .when cphdd WRES Gyl ' | & f Labl deteat g

pol ari zed ...epl tﬁgﬁ?%ﬁﬁ%\??%gg%orgg i,éﬂﬁgﬁpfgwi: %Pg%}gpgyg?l?e?sét@aﬁglr%%d

cor neun.. TH‘?&‘F T mRying con}é@@tﬁ SBP F‘B@lslﬁyf{é% ksteatum gAESUNZonJdus hedaonly

tcul L ure CO?CSbéanpﬁevibuSEy, %éfﬁét'ét{nunlderv@&njte&mmag cﬁﬂﬁi{gl c%ﬁ%ﬁ%ﬂ%sil ﬁg.err{ledium
echni que (See, .e.q., Lechner,et,a i ol ogy, ; - ,

e P sehit Rardo l¥en, HeRRIAR) KSee, g Erotsihier & o Vitology,

obt ai ned frol8xnb36871skPNunder serumfree conditions and w thout the use

of any feeder cells. In general, the subject inmortalized

kerati nocytes and_nel anocytes .are obtai ned by the follow ng steps:

(i) obtaining aFuthern Biei subjessunmertaliged keratinocyteg i and pmefandcytess aird

skin sanpl e dithined! ftoth! fimal skir tﬁﬁer%@rum-free cohtiti ns(k’eﬁ'lc?bv'i‘dhagt the use of any

kerati nocyte nd/ anocyt es m sal d prepared skin anpl e and
seedi ng §3i JFerdnrasalivo dp: sanestla fhs shBless seynenalised keratinosyias: &ad melagpeyies
medi um pr efare abtained bhake foléoRgSstepsdi um or NR-4 (for nel anocyt es)
(described infra) onto culture plates provided with a coating which
facilitates cell attachnent and cell growth, said coating conprising
fibronectin, typdil codbtaiping a humanisiggAissue sample; (i v) changing the

medi um as necessagy t OpRBhk LEidSRT shfBle BSOMIRIRE in vitro;

(iii)  obtaining keratinocytes and/or melanocytes from said prepared skin
sample and seeding said keratinocytes and/or melanocytes into a serum-free
growth medium, preferably either the NR-3 medium or NR-4 (for melanocytes)
(described infra) onto culture plates provided with a coating which facilitates cell
attachment and cell growth, said coating comprising fibronectin, type 1 collagen
and BSA.

20

% (iv)  changing the medium as necessary to optimize confluent growth of
- the cultured cells while continuously maintaining the coating on the culture plates;
(v)  transferring the keratinocytes or melanocytes into an selection

medium, preferably a serum-free medium, onto similarly precoated culture plates;
30 (vi) infecting the keratinocytes or melanocytes with a retroviral construct,

preferably a SV40 or papilloma virus 16 based construct, such as the SV40
plasmid pLXSHD+SV40(#328) which contains the large T antigen (T Ag) of the
Simian virus 40, or the plasmid pLXSHD+E6/E7 which contains the E6/E7 gene
of the papilloma virus 16 (HPV16) (described infra);

3s _(vit) transferring the resultant immortalized keratinocytes or melanocytes
to a proliferation medium suitable for proliferating immortalized keratinocytes or
melanocytes onto similarly precoated culture plates, preferably NR-2 or NR-3.



the cultured cells while continuously maintaining the coating on the

cul ture plates; (v) transferring the keratinocytes or

nmel anocytes into an sel ection medium preferably a serumfree nedlun1
onto sim |WPI%/2pé03coat ed cul ture plates; 30 (vi) i nf eRCT/BYIG/05812
keratinocytes or nelanocytes with a retroviral construct, preferably a
SV40 or papilloma virus 16 based construct, such as the SV40 pl asm d
pLXSHD+SV40(#328) which contains the large T antigen (T Ag) of the

Siman virus 40, or the plasm d pLXSHD+E6/ E7 whi ch contains the E6/E7 gene
of the papilloma virus 16 (HPV 16) (desct8bed infra); 35 (vii)
transferring the resultant imortalized keratinocytes or: nmel anocytes to

oD oot ooy PiddMm RESUTL AN S e HEGhbLAEIERT] MMILAERL Olssan, st

ker ati nocytes or to sim y pr ecoa
pr ef er abl yomezrrxaﬁolngysUppsala Swedenipagd/ 23602

PCT/ EP96/ 05812 (vjjj) ¢t th Itant ferated k
redi um ( ’deﬁg{f' be¥ ll)n ffarssfern e resultan roh erate eratmocn% a sson

et IR I S K TR AT N R

transferri ﬂatduhhe(de@eﬁbléd #¥fra) Whith feonading h1 gle calcinag prefrably 1.8 mM onto

Tbs o o SRR iRt ed A CBRv e 8 e AT Bf Wﬁ' fe# =Rk

1.5 mM ont &985; Pitd¢leaw at hy,brlavcmtﬁdmatdi.uﬁé tbllfbkb’?,(l%ﬁae et al. . Tissue
Cult. Meth., 9:83-93, 1985; Pittlekow et al., J. Invest. Dermatol
86:410-¥7, 1986 More specifically, step (i) . wll typical I y
conpri se obt ai ni\’i@ehﬁﬂﬁ&‘hﬁ@ﬂlbh step (t) erwm(HYesompmmmmxagrmrganeslgn

those obt ajjgs@ s@w&pieg from %{‘r}énodoﬁg' &g, Yhosle obtzﬁ@dldﬂmfg AlrigeAf i bP Feafatﬁfor

si ngl e skin.,cell ous sk

T oo i irmor Rt P a0 MUB kTR GEl) SEmBls s ParIBEots Skin G4l sgple

ml CE exhi dlleows &b ﬂﬁﬁpﬁdtﬁrom@hedsﬂ ﬁhnﬁﬁtalﬂe@ kegatn&rcg/té: uhdrmélaﬁemr cgll dineke
ichis . Li r S

sanpl e i |Y"hf‘%£§[‘§’€? gﬁ&ﬁa?‘i&?ﬁaﬁa%%%% C(Sr :é)gas%cp%?[?%ugfr r?cepgors it r?%‘x?l g'bflgﬁ‘

cul turing ¢hﬂra¢t§nstlcbtﬁa$m\il¢ulapden@xr ably be effected by initially washing

the skin 20 sanple e.g. using the sanme medi um which is used for
cul turing. Pref

medi um the exa LFF})%Q‘%‘S‘CIO‘FS{%F ‘iﬂi‘]i;;c;%le@geé in anggiﬁigg B#r%ﬁtaié?se %%ree

been foundedituriieg ad\v&ﬂb adBgis swilb prefetdbly ibegeffected by initikky avashing tthe skﬁﬁl

el anocyt essam;ﬁf ¢ S y Sh'tﬂg sa;[nbaem% Tutn Y9RiRh §s Vﬁ”séci 6 herlwmg_lrnegf eﬁr%%%bly this is
effected in NR-2 medium, a serum-free medium, the exact composition of which is
disclosed infra, which has been found to be advantageous for culturing normal
keratinocytes and melanocytes. After washing, the skin sample will then preferably
be shaved, e.g. with a dermatome, and then excised into small pieces.

The resultant skin sections are then preferably separated into dermis and
epidermis. This may be effected by physical and/or enzymatic means. For
example, this may be effected by trypsinization, e.g. by floating skin sheets in a
trypsin solution (e.g. about 0.5%) containing EDTA (e.g. about 0.1%) for a
sufficient time to effect cell separation, e.g. about 30-60 minutes at 37°C or
overmght at 4°C.

30

The dermis is separated (to isolate the fibroblasts, see EXAMPLE 2) and

the epidermis is then placed in a suspension medium. Preferably the suspension

35 medium will contain soybean trypsin inhibitor solution (SBTI) and wili be
contacted with the cells for a sufficient time, typically about 5 minutes, in order to
inactivate the trypsin and provide for cell release. Tissue culture medium will then



be shaved, e.g. with a dermatone, and then excised into small pieces. 25
The resultant skin sections are then preferably separated into derm s and
epi derm s. Teov7asgozbe ef fected by physi'cal and/or enzymatic nmpengpobossi2
exanple, this nmay be effected by trypsinization, e.g. by floating skin
sheets in a trypsin solution (e.g. about 0.5% containing EDTA (e.g
about 0.1% for a 30 sufficient tine to effect cell separation, e.g. about
30-60 mnutes at 37[err]C or overnight at 4[err]C.- The
derms is separated (to isolate the fibrobl.gsts, see EXAMPLE 2) and t he
epiderms is then pl aced in a suspension nedium Preferably the suspension

be | cont acheaddRb PR s el B4 M {deseeibeq dnety apola Hlfer des.
m nutes, in oIQ{bmm dilter) to olbtain thetdesired cetly pisé. rkeamhcmymw ﬁﬁi/bﬁmeiehd)cytes

rel ease. Tissue culture mediumw | then WD 97/ 23602
PCT/ EP96/ 03812 be added, pref erablz;oeser umfree NR-2 nmedi um
(descri bed i nfra) hhel resultant @rinarygkeratinocyte. lmwﬂetceﬁyure obeainedrint $tep (ii)

desired cell sig thef- seEHé&tlhRPQé’ ﬂ?—f@&dﬁﬁﬁx&ﬁl ?Péﬁ:}gb? NR-3 i'nedmm (dl-?&ulyed in

| t ant t t urt
|2 U hen seod APt iral i SHiablarEell GRNCHEA AT Mepfopbly Ahantun2 (o 06 celslen’
detail infra)ontat @csmaaMIm@%llat&ommEV@ ltﬁil; cBHeé(%@hkﬁéu%BOHiaylbg ¥aned
col T eoncep! f~°ﬁ$%*ﬁ i it FH GulthRE B ot piteratly ol tioungs Y Shdret Witk o
pl at es are prosimpaosiiign wdich haobedn surpaisiglyifoundito dfthanrerbath tho attadhmbnhasd
been surpri S'J}Q{Néh fd}”ﬂ&aﬁﬁeg@é‘%ﬁﬁ qt{h(%cp?esatségﬁﬁlf{ﬁﬂk 5‘%@) ution of' ﬁm"c;}\eﬁm

ker ati nocytes and nel anocy ronéc
BSA and col | &2 egp<ollagemitypeel Tb@etccﬂgcwmgnspmmsxm lmsept&)ueuslybbeem

described fordegssbed r&@geomlabnemah%euu é&ﬁfer%t a@' Jé E34E Mt -9:43-
Met h. 9: 43 ]z& 1‘6@5 %g%% .referenc q;iﬁis or.a e By réerference
her ei n. (1585 ¥ beerwetlﬁmqyp?w geiererice hareiyed as of ten as
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necessary to optim ze ceI | growth. Preferably, the nmediumw || be
changed about ever e t var endent upon
the particul ar sklm skefy ?‘flgjrtet’g?@ﬁﬁﬁ %nggfir?ﬁ S e%e&ﬁ?qyutgn%%u 1z&

e.g. about 9G%dl cgmwth ,fembly;ﬁheyxpﬂdmm ywﬂhbequhaageérabout every second day.
However, this may vary dependent upon the particular skin sample. After reaching
almost total confluence, e.g. about 90% confluence, which typically occurs after
about 10-14 days, the keratinocytes and melanocytes are then separated. This may
be accomplished by any means which provides for adequate cell separation
without adversely affecﬁng the melanocytes and/or keratinocytes. For example,
this may be effected by differential trypsinization. Preferably, the melanocytes or
keratinocytes will be treated with a trypsin/EDTA solution, and then transferred to
the selection medium. In the case of keratinocytes, the cells are preferably treated
for about 5-10 minutes with trypsin/EDTA solution (0.025%/0.01%) and then in
step (v) seeded into NR-3 medium onto precoated plates. It is important to note
that NR-3 medium promotes the growth of keratinocytes versus melanocytes. In
the case of melanocytes, the cells are preferably treated for about 2-4 minutes with
tryps.in/EDTA (0.025%/0.01%) and then seeded in step (v) into NR-4 medium onto
similarly precoated culture plates. It is important to note that NR-4 medium
specifically inhibits the growth of keratinocytes.

20
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These cells will then be treated with the immortalizing agent. Altemnatively,
the cells may be frozen until immortalization is to be effected, e.g. in liquid N,.
Infection and immortalization is preferably effected using the SV40 construct



about 10-14 days, the keratinocytes and nel anocytes are then separated.
Thi's may be acconplished by any means which provides for adequate ceII
separation wi t hout adversely affecting the nel anocytes and/ or

ker at i nocyY@372382 exanpl e, this may be effected by di fHGIVERN6I08812
trypsinization. Preferably, the nelanocytes or 25 keratinocytes wll be
treated with a trypsin/ EDTA solution, and then transferred to t he
selection nedium In the case of keratinocytes, the cells are preferably
treated for about 5-10 mnutes with trypsin/EDTA solution (0.025% 0.0
199 and then in step (v) seeded intolMR-3 nediumonto precoated plates.
It is inportant to note that NR-3 nmedi um pronptes the growth of

kerat i nocy;&%u\fﬁrds&spgxbor aggﬁgp(g )3@ cthhﬁcfeﬁﬁemn'ﬁ %%%B tl&? ceI |'s

m nutes wt s n

f t t
(0- 05554 0. BesRFibedcbY Beneioblasdet £ ab(GaneHams, A AoRession by 33n$tockshlaeder
simlarly pr elcoranmanoa;éﬁ UI'Bexﬁb?t 2533439, llS9ﬂWth§HPVQ6%h§tth@i‘dehﬁféd as
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Al temati vec«ynstruct containglthe SW40 36 Ag sm@mma; 5! and® BRI sequences of ISVAR

effected, r Qn. 1 s
pr ef er abl y e é'(Q:'[5 eghgigel:ér% %ﬁcrh @de gdr#s]{eﬁﬁéét%h ﬂ»{‘g' Cg?lmi %hbﬁ%%lgﬁlfg site,
PCT/ E796/ 08 8¥40 po yadenylatxon sequence among other sequences. The pLXSHD+E6/E7

i dentified Lg] @fgp

was 10 dcmrtﬂ?xgsﬁ&ﬁéd %éﬁﬁ)z;%ééggl g%ene HEEHE %gg@g\éﬂé %t?
MB4753; St %Féaé?ﬂ oma vigus 4. anﬁg A comsighetshe e :plegmdlg edor
t he HPV16 mlﬁ)ﬂrsmtalj (st &t all 1@87 %wg&%@@/ﬂsmﬁé} xh&ndﬁtﬁhﬁé@&u ithe
Fi gure 2b LxgsHmEg/ 0(#328% urgon s L uct c%%gl ns the SV4O ﬁ% d
sequence, BaSSPEEL A3HETHE Y Audig g8 €
provi de fmel}semel theni vansferrEd tooalprohferatmnphedmlmnn rejers |(VB) !n the aaseSwhO0
pol yadeny! t XSHD+E6/ E7

const r ust lg%h?gl %ﬂgyl nstea’gg}? l%&@fcrﬁ%@&??gﬁgﬁggggmm of the E61E7
gene of the human papilloma virus 16. The nmethod to construct the

56/2 Ez ggg;sm d i | $tep ¢ ¥iii) the ifinblakzedtells are(&fraaﬁeetm 3 mk?&anomﬁeaﬁ&?

After | alizati ar e assa as_necessar
dur i ng. cul EAR ?\@m 4 kracky et of Melanagyrssoihich Wil BioraSasa a g e -
transferr etiedmma qid| i preferabhyn withicomprises NR-Z \dri NR-Bn ahﬂeMZmeedlﬁnﬂ&'or

keratinocyfg noE?feﬁ %‘9{1{3?‘&%3 azel iy %ﬂ%daﬂ%ﬂecais %?é%%q 2cul red on

In stego(virl are expan era
medi um contmuously precoated culture plates, with the coating again compnsmg a solutxon _

of fibronectin, BSA and type 1 collagen.

After the immortalized cells are expanded in the proliferation medium, they
are then transferred in step (viii) to 2 medium which provides for differentiation of
normal and immortalized keratinocytes. Preferably, this medium will comprise
NR-2 or modified MCDB 153 media containing high calcium, preferably about 1.5
mM calcium, with culturing again being effected on culture plates continuously
coated with a solution of fibronectin, BSA and type I collagen.

[38)
wh
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As noted above, it has been surprisingly discovered that immortalized

keratinocyte and melanocyte cell lines produced according to the subject method
maintain the ability to differentiate and to express differentiation proteins which
are characteristic of normal differentiated keratinocytes and melanocytes, even
after high passage in tissue culture i.e. after at least 10 passages. For example, the
subject immortalized keratinocytes express keratins as well as other proteins, e.g.

W)
LW 1



for immortalized keratinocytes or nel anocytes which will conprise a
serumfree medi um and preferably will conprise NR-2 or NR-3 and

M2- medi um f ¥O 8023882 anocyt es (described infra). The inmmortal | ZROI/ERIG/AS8ER €
again cultured on continuously precoated culture plates, with the
coating again conprising a solution of fibronectin, BSA and type 1

col | agen. After the immortalized cells are expanded in the
proliferation nedium they 25 are then transferred in step (viii) to a
medi um whi ch provides for differentiation-pi- normal and i mortalized
keratinocytes. Pr eferabl y, this mediumw |l conprise NR-2 or nodified
MCDB 153 nedij tal . alciu erably about 1.5 v

cal cium w tﬁl%'(??ﬁ}m g'o1 %ﬂ%ﬁ f}fé"%%@’pﬁlggl ngﬁ Pvg’i‘é‘ BreFither Rk sXRISssad,
coated with araml padrbnexpressen mnprevioyslpeipantet V4O immottaliged kerdtfhocytes.
As noted above, it has been surprisingly discovered that imortalized

_T

keratinocyte and nel anocyte cell |ines produced according to the subject
net hod mai nt aMonehspesbiicallyy several fimumenializec kertinasyssspeeld dines produced
differentiat aQrimg! @ fhe x‘f{%ﬁﬁon DI@VNT@'EK@CM hﬁB'FK?-fNR sgﬁl bles 7 and 8
differentiate ker ti no and_ mel anoc even ah passage
in tissue cuifIR)EXPress gﬁ&%‘%ﬁ?“@éé’é’t P‘m 38%\‘@% Hdro »h’é‘VOIUCﬂn,
subj ect i mﬁta@m%&ﬁmﬁmtmrmmgsqadsﬁ@sl(wpmmm. as ot her
proteins, e.g. WO 97/ 23602

PCT/ EP96/1@5812 -11-

i nvol ucrin, fil agddsm immortalizadckeratineeides produngedsacagedingi torthariaventior havet
expr essed cvmsoegﬂfm&' Whithi£ ShflaP i TG IQuiich] 8Pk S6F H6Hhal human

I rortal i zeﬂ( ker.at1 no speci t1 cal seve
inmmortalize %é?ﬁ‘?%ﬁ%ytf:é’é' €&rMple, ndhe pyuleste dmmortalizedy, rngnpmeﬁe express

i nventi 0{Lh EE(YPNBO D@ bR, 2Ed &P3NB lﬁ@cedb ’ﬁabkﬁ reés@?PﬂSO 1A2I nhrsa)ZBs and
express e i on in

i n\eol ucri#, el?‘FH aﬁ?ﬁcgﬁﬁg (ﬂf?ﬁ? FX{ 9591“’5 ol o:fﬁ oé"ﬁl%&'&gastmocytes
(>passage 30)This w4y the first ¥hnsait cnutdnbbademedstkz&edtthabnmmal phddintidrtalized

accor di ng t Qi KINSIHOL O RbRess CYPASCXRPIPHO! DAY SRyl s Simi 1 ar i

not |dent|ca ra | focyte or exanple, the
subject imortalized keratinocytes express CYP450 1Al, 2C, ‘2E1 and 3A5

but do not eXpreSAlsGY%éoflli%lﬁgct eortdbedNReratihod ‘@Ellch‘inkﬁ SHReS (sHdsa i ¢

of the c tochrorre 450 pro f nornmal eratin
4 ymes, glutathc{one- -transferases (Oé comparably to normal

dlfferentlated keratinocytes. More specifically, the subject immortalized
keratinocyte cell lines express GSTa, GSTu and GSTrn comparably to normal
keratinocytes.

Further, the subject immortalized keratinocytes express enzymes and other
proteins which are involved in cellular oxidation and inflammatory responses
comparably to normal keratinocytes. For example, immortalized keratinocytes
produced according to the invention express superoxide dismutase (SOD). Also,
in response to phorbol esters immortalized keratinocytes produced according to the
10 invention express type I collagenase (a mediator of inflammation) and TNF-a
(tumor necrosis factor alpha).

25

The subject melanocytes have the capacity to express melanin associated
proteins and vimentin.
35 _ )
Moreover, the subject immortalized cell lines when grown in organotypic
culture form a highly stratified and polarized epithelium having cornified



This was the first tine it could be denpnstrated that normal and

I mMmortalized human ker ati nocytes express CYP450 3A5 and not CYR450
3A4. Al so, the subject inmortalized keratinocyte cell |ines
express pW&¥/2369220 enzynes, e.g. gl utathione-S-transfer REEEPIE/OISEY
conparably to nornal differentiated keratinocytes. Mre
specifically, the subject immrtalized keratinocyte cell |ines express
GSTa[err], GST[err]. and GST[err] conparably to nornal ker ati nocyt es.
25 Further, the subject inmmortalized keratinocytes express enzynmes
and ot her protei ns which are invol v@®+ n cellul ar oxidati on and

I nfl ammat ory responses conparably to nornmal keratinocytes. For exanple,

i mortal i af | -chi ' ' expl. ess

Super oxi de peeaeial VY| oy, cdthehiy €rei i HiBhThdsRakolt (1SR 30). s

i mortal i g*&f Y%t Pefsc \Rreviopslydreperted ckrrditmynedalized deralinegite oreléx ness

type | coldsiiizhed undeFRendémiond] culduk@CBRE{tRMs, 8Bdmdum conta(ﬂiﬂg‘yemm

necrosi $ facjor. .The subj ect nel anocytes have The ?
35

r._al pha).
capaci ty tAANYPEEdeedaTdAYST- associ at ed proteins and vinentin.

Moreover, the subject immortalized cell Iines when grown in organotypic

\3\;)' E;g/r ggggrzm a 'ﬁ\@ glﬁfjeﬁ& riz%}rllgﬁaquegngelpsoii%é %reed c l!a%rpee un elh fotal'Yefiimfree d
PCT/ EP96/ a®&ditions without the use of any feeder layers during culturing. - - 12-

superficial |ayers (stratum corneun) even in higher passages (>passage 20).
This 10 has | y been previously, reported for .ipnortalized kerati, n_oc?/te
cel | lines TqoHtsTi Shedpsarined Wogveaten Gistall dufrey it hasnbean sweprisingly

nedi um cordisdovierg! gt ¥finephrine ¥4l sttdhp growkie €atesr 6PNE6Fmal keratinocytes whkh
subj ect | rng&ﬁrital I.zed gﬁgl | S Flt_é.nes a$e ogt alltl neg? u%r tot(gl S?ﬁ{ um.Lrge.
condi t i ondSHF 1o BT U TR iUy PREABFEH Y Ehes N TBediynt (Heshgoed infra
Mor eover, castains epitmephrine which diasdeten [foumd rta, enhantcasthee growth @fi aonghly
keratinocytes (see Figure 1). This is quite surprising given the fact that epinephrine
has previously been reported to inhibit the growth of keratinocytes (Halprin, L
Invest. Dermatol., 81:553-557 (1983)) or to only have a moderate effect on
keratinocyte cell growth (Koizumi et al; I, Invest. Dermatol,, 96:234-237, 1991).

15

Also, it has been surprisingly discovered that the continuous coating of the
culturing dishes or plates used to culture primary and immortalized keratinocytes
and/or melanocytes, in particular with a coating or "cocktail” containing
fibronectin, BSA and type I collagen improves both the attachment of
keratinocytes and melanocytes to culture plates or culture dishes, as well as
enhancing cell growth. The use of such a coating material has not been previously
described for use with immortalized keratinocytes and/or melanocytes.

20

25

As discussed, the present invention further specifically provides a novel

serum-free medium referred to as the NR-3 medium. This medium allows for

10 culturing and isolation of normal keratinocytes and/or melanocytes from human

skin under serum-free conditions without the use of a feeder layer. This medium

has been found to improve the growth of normal keratinocytes and to allow the

establishment of normal keratinocyte cultures without any contact with serum or
feeder cells.

LJ
W

The exact composition of the NR-3 medium is described in Table 1. This
medium corntains various amino acids, inorganic salts as trace elements, vitamins,



di scovered that epinephrine is a strong growh factor of normnal

ker ati nocytes when used in serumfree nedium Specifically, the NR 3
medi um descW®82360% r a cont ai ns epi nephri ne whi ch has beerPGUEPRH/AS812
enhance the growh of normal 15 keratinocytes (see Figure 1). This is
quite surprising given the fact that epinephrine has previously been
reported to inhibit the growh of keratinocytes (Halprin, L I nvest.
Dermatol ., 81:553-557 (1983)) or to only have a noderate effect on
keratinocyte cell growth (Koizum et al, di3knvest. Dermatol., 96:234-237,
1991). 20 Al so, it has been surprisingly discovered that the
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. As
mel anocytgs t0 culture plates or cu I ng
cel | growt h.naoted, gpmephringchas, sepIsinglynheen i difcovsseqde gnhancg, the grewth of
described f osrighagy WefafinodyRestialtisé@élckiiug | nocyt es and/ or nel anocytes.

As discussed, the present invention further specifically provides a novel
serumfree nediumreferred to as the NR-3 nedium This nediumallows for 30
cul turing and i soAat aotinof acids nthis k rediuwmo eopntansainb/aanine] doacginise-HOIn L-
human sk el N iyt Wk freu he _ e .
"ayer. Thos SEarRRe 18, Ihpdfontls LicquRil ﬁ&?ﬁa@é%&&ﬂgf&% Gffémine,
ker at i nocyt eglyahg, t o ladhigtidinedICl-H,65t abLrisalengineot nbriewginger ati-hsdne-#Cl,
cul tures w tjhoyé ot blaRiser i _ rig ind> L-

The exact ¢ mgstihﬁ}gg;g?' ?ﬁ%m%@k@lﬁdg?ﬂ xgeaeLsfgéiﬁ e’dLi tEr%irél'a e 1L Wf%phan’
medi um cont g HEOFHIG Layalif§- aci ds, inorganic salts as trace el ements,

vi tam ns, WO 97/ 23602

PCT/ EP96/ 05812 . . . ] . -13 -

growth fastors antit NEaiEscPiGeroRtaing] tersip are | AMMGRIMIL riestYanadateas
growt h f act amsmepiutermelybgiatestdaldivnt chlofier cupriostlfateyifyrrid sulfdtenmagnesium

hyd ti : ' : ' ' ,
ydrocortis on&é,%%ﬁg%ﬁ@ dH1bAEE) nickey sliffafd ggﬁs@fdfnfc’hﬁ%ﬁ&é ﬁiﬁc‘g\,gﬁ% te, .

epi nephri ne. epl nephrine has. strprising een

S
enhance t he S§dsimibicarbonate, sedige ghloside; sadium paosphate dibasic godiym pyruvate,

As am no aciggdiiriiselerR@l Sediaasifich, indAoHAS and zMOklk4e- HCl, L- 10
asparagi ne-Herr] QO L-aspartic acid, L-cysteine-HC -Herr]O L-glutamc

acid, glggam ne,
The vitamins contained in the NR-3 medium are d-biotin, d-calcium

pantothenate, choline chloride, cyancocalbumin, folic acid, i-inositol,
nicotinamide, pyridoxine and riboflavin.

The medium further contains adenine, ethanolamine, phosphoethanolamine,

25
phenol red Na, putrescine 2HCI, thiamine HCI, thioctic acid, thymidine, glucose,
HEPES and antibiotics (fungizone, penicillin and streptomycin).
The preferred composition of the NR-3 medium is described in Table 12.
30 However, it is expected that the concentration of the substituents contained in the

NR-3 medium may be varied within wide limits. More particularly, it is expected
that the amounts of the various substituents may be varied £50 to %.1%, more
preferably from %10 to +.1% from the concentrations disclosed in Table 12.
Moreover, it is expected that one or more of the recited substituents may be deleted
35 and other substituents may be added provided that such substituents do not
substantially adversely affect the isolation and establishment of keratinocyte or
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t t onci n). . Tl f d it he NR- di '
Gescri bed i n Taltenetsd. acieniialh Rt e 18R -3 e feen medivon
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vari ous su ?ltue nor e preferably from 10
to .1% fromthe concentrations disclosed in Table 12. Moreover, it is

expected that OMheOkedSon® tlt EpRepRiht e&xlfa%é&'ﬁ:‘éﬁ&’ér%tﬁﬁyol’elc&%hﬁbéﬁ $°is
and ot hk} su&stlth b r%ﬂ)be add d@gow ded fhat, such substituents o not
subst ant i aPR¢'abvetts 8RY that Buman keratineess i HTest epgymes for
kgl_ ;’altl gglc)ébpmephnne synthesis \#Rd941sd36RFress at high density beta 2- adrenoreceptors
PCT/ EP
el anocyt o O RNEFYIEE ok Bipéecism, o peaplagies. o i Rugiat spidermis e
det er m nedBigcheme & ommun., t '¥§%72-418d(192)). alhessienzymes are
As not el‘i tvdileey 1 ﬁﬁ”tth\%“b%%{écﬂﬁ&tmx% t BEosithad NBatRw3§! UM I fartiodidsm
phenylethanolamine-N-methyltransferase and biopterin dependent tyrosine
hydroxylase. By contrast, such enzymatic activity cannot be detected in
melanocytes and fibroblasts. Accordingly, this enzymatic activity and/or receptor
expression may explain the ability of epinephrine to modulate the proliferation of

keratinocytes.

20

It is hypothesized by the present inventors that the NR-3 medium enhances
the isolation and establishment of primary cell cultures and cell lines because it
suppresses cell differentiation which leads to an enrichment of cells which
maintain their ability to differentiate and to express proteins and enzymes

25
expressed by normal differentiated keratinocytes and melanocytes.
More specifically, it is believed that the growth of keratinocytes or
melanocytes in serum containing medium favors differentiation in the first
5g Passage. However, this is disadvantageous (during the initial culturing period)

because differentiated cells do not grow well. This in turm results in the

overgrowth and selection of proliferative skin cells which only possess a weak

capacity to differentiate. Consequently, the number of cells which possess high

differentiation capacity are reduced if serum is added to the medium prior to
35 immortalization.



I's epinephrine. It has been di scovered that epinephrine has a very strong
growth pronmoting activity on primary human keratinocytes. 10 The
reason that WPXI&86MZi ne enhances proliferation of keratinocyt eBCIEP6/05812
unclear. It has been reported that human kerati nocytes express enzymes for
epi nephrine synthesis and al so express at high density beta

2- adrenoreceptors (Schallreuther et al., "Production of catechol am nes
in the human epiderms,"” Bi ochem & Bi ophys. Res. Comrun., 189:72-78
(1992)). These enzymes are 15 involved i+4L5t+he catechol am ne

bi osynthetic pathway, in particular
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PCT/ EP96/ 058 s¢rum-free NR-3 medium is advantageous because it inhib#s keratinocyte

By contrast, dhﬂeie*ﬂﬁaﬁbﬁ%ﬁﬁt éé&mmlwﬁb;ma&?&QWOcyt es and nel anocytes are

cultured in a serumfree nedium and under conditions which inhibit the
differentiation of nelanocytes and keratinocytes. In the present invention,
serum free neyldiseussedpaadetl sudpensisacprdduced fidie sinplecsldnl danvpliel which

period b Ozt Oh Rbhfind Sissociated melanocytes, keratinocytes and fibroblasts will preferably be

cultured in the subject NR-3 medium. This will be effected by seeding such cells
onto culture dishes which are continuously coated with a composition which
facilitates their attachment. Preferably, this coating will comprise a mixture of
fibronectin, bovine serum albumin and type 1 collagen. This coating or "cocktail"
coating has been previously described for bronchial cells (Lechner et al., I _Tiss.
Cult, Meth,, 9:43-48 (1985)). The present inventors have found that this cocktail
also enhances the attachment of keratinocytes and melanocytes to plastic culture
dishes. Moreover, it has been surprisingly found that said continuous coating of
culture plates which are used to culture primary and immortalized keratinocytes
further improves cell growth. The continuous coating of culture plates has not
been previously described for immortalized keratinocytes or melanocytes.

25

30

During culturing the primary cell cultures are preferably split when they
reach or substantially reach confluence, and then expanded onto other coated
culture dishes. Typically, cell cultures will be divided about every 10 to 14 days.
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and during imortalization, as well as during proliferation and

differentiation. As noted, the subject NR-3 serumfree culture
medi um i n |(8 differentiation of kerati nocytes and thereby allows

for inprove 5’238%“0” of keratinocyte prinary cell culpﬂ(@é' A2
imortalized cell lines derived therefrom Moreover, this serumfree
medi um cont ai ns | ow cal ci um concentrati ons which i nhi bits selectively

inhibits the growth of co-isolated fibroblasts. This results in a

hi ghly sel ective growh medi um which favors the production of cultures
which 15 predoninantly contain nel anocyigs and keratinocytes. Accordingly,
t he subj ect serumfree NR-3 nedium is advantageous because it
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(Lechner et al., J Tiss Cult Meth, 9:4348 (1985)). The present

t h d th th f
e ot ou” MR Bob 0 pEEE b8 hecses ApRCKERRBRRGRS S, ShL STRECY, ©
has been switpra ycctglrywhxoh rptovhhs fonithi enptessioausf theB V4G 'b’anngen oul fonrthke

| at es whi t |
P " SRS b B 4 MR B DO TG VRS, 2
not bel@?msﬁé izefien ys e&testadoby infectiomef traﬁliazewtﬁ%m kﬁ@@;m@stearthh a

mel anocyt etroviral construct mwmgrcwihéy Foithd BRpRESiBATL ARl Sval Tburﬁﬁge%r 6r

hen: expar B o eBS O dkb Ko o155 CeLtIoF of oA, Bifadiont o sape folasting. dhe **

cul tures vprokodod of \Hfdifer abaalt Mety. yCéld Sci. 147:d83-89, 1995 (exceptVﬁrﬁ?/\ﬂﬁﬁOZ
PCT/ EP96/ 0&

Ater the 5?%&% fion FRSKORIRg Sl e forvipe, i DMEM,10%, Sesal 31 s ng
expanded tldutsgiinfattionl semamisontainimgNrediva may beasededilowevengerums free

descri bed medj uxﬁ?@?s?éfeﬁ“éhtﬁf %«%hﬁ&”@ﬁeé BRY 1RFRiddi§tes] praYetaiyZ€$., the PC-1
Preferably, I}B rg)c&/ ?x
20 ium described in the paper of Pfeifer et al., Meth, Cell. Sci,, 14, 83-89 (1995),
wlnch reference is incorporated by reference herein.  Most preferably,
immuortalization is effected using the retroviral construct referred to as pLXSHD +
SV40(#328) shown in Figure 2a, and based on Pfeifer et al. and Stockshlaeder et
al. (GeneBank, n° accession M64753), or as pLXSHD+ E6/E7 shown in Figure 2b
and based on Dirst et al. 1987, Oncogene 1, 251-256.

After immortalization the immortalized cell lines are transferred to a
proliferation medium, preferably NR-2 or NR-3, or M2 (for melanocytes) using
precoated culture dishes. After the cells are proliferated to desired cell numbers,

130 the cells are transferred to a differentiation medium suitable for culturing normal
and immortalized keratinocytes. Preferably, this will comprise NR-2 or modified
MCDB 153 with high calcium (1.5 mM) or M2 (for melanocytes) using precoated
cultured plates (the same BSA, type I collagen, fibronectin coating).

35 As noted previously differentiated immortalized keratinocyte and
melanocyte cell lines produced according to the invention exhibit improved
properties which render these cell lines well suited for use in assays which require



keratinocytes which exhibit the best growth are imortalized. However,
al ternatively the expanded primary mel anocytes or keratinocytes nay be used

prior W bmamees al | zation, e.g., in assays, skin grafting rrErmsasse

t herapy. 10 | mortalization of both nel anocytes and keratinocytes
may be effected with a vector which provides for the expression of the
SV40 T-antigen or for the expression of the E6/ E7 gene of human
papilloma virus 16 (HPV16). Preferably, imMmortalization is effected by
infection of nel anocytes or keratinocytes-w7-h a retroviral construct

whi ch provides for the expression of the Sv40 T- antigen or 15 E6/ E7 gene of
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/ /
FICT! EP96! 05%H8 loricrin evenat high RassaBes, %, ABEF 10 Passhges 2nd subianbally. greatszen

found to express proteins characteristic of normal differentiated
nel anocytes and The subject, immortalized keratinocytes and melanocytes also uptake
exogenous essential fatty acids (EFA) and exhibit desaturation and chain
clongation of EFA highly consistent to normal melanocytes and keratinocytes.
25
Further, as described in greater detail infra, the subject immortalized
keratinocytes express TNFa and the inflammation mediator collagenase type I,
when treated with phorbol esters comparably to normal keratinocytes. Also, the
subject immortalized keratinocytes express superoxide dismutase, an enzyme
10 involved in cellular oxidation similar to normal differentiated keratinocytes.

Also, immortalized melanocytes produced according to the invention
treated with melanogenesis inducers (e.g., theophylline and tyrosine) and
melanogenesis inhibitors (kojic acid) respond similarly to normal melanocytes.



keratinocytes even after high passages. For exanpl e, when

I mortalized keratinocytes produced according to the I nvention are
assayed by Western bl ot and RT-PCR, they possess a cytochrone p450 '
(CYP450) pYRPT#¥0%inilar if not identical to nornal keratlndﬁyﬁﬂ§ﬁmﬁﬂﬂe 10
specifically, imortalized keratinocytes produced according to the

I nvention express CYP450 1A1, 2C, 2E1, 3A5 and do not express CYP450
1A2, 2A6, 2B6 and 2D6. This CYP450 profile is consistent with nornal
keratinocytes. Such a met abol i sm profile has not previously been
described for imortalized keratinorgtes. Indeed, this is the first
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Also, immortalized keratinocyte and melanocyte cell lines and primary
melanocytes and keratinocytes produced according to the invention are useful for
screening potential anti-cancer treatment compounds and skin disease treatment
compounds. This will typically involve exposing the cell line or primary cells to
such compounds for a period of time and ascertaining whether they induce any
adverse effects, e.g., genotoxicity, DNA adduct formation, mutagenicity, cell
transformation or cytotoxicity.

Also, the subject melanocyte and keratinocyte cell lines are suitable for the
expression of recombinant proteins, e.g., human proteins and polypeptides, as well
as for the production of RNA and DNA.

Further, the subject immortalized cell lines have potential utility for ex vivo
genetic therapy. The subject cell lines should provide a useful tool for genetic
targeting and developing genetically engineered cells which express desired gene
products, e.g., for therapeutic application, or for cell toxicity/mutagenicity studies.
Moreover, given the fact that the subject cell lines closely mimic normal skin cells
35 they should be well suited for biosensitivity assays.



G ven these properties, the subject inmortalized keratinocytes and
nmel anocytes are well suited for inmunol ogi cal, pharnmacol ogical, photo- and

chenot oxi colvegisezaseogki n reacti on studi es. For exanptpepddiessi2
subj ect imortalized keratinocyte and nel anocyte cell | ines and primary
mel anocytes and keratinocytes may be used in assays which require

differentiated skin cells, e.qg., barrier-function studies (cornification)
of 10 reconstructed skin, nmetabolismstudies of differentiated
keratinocytes (fatty acid nmet abol i sm _grfi oxi dant netabolism, studies
relating to effects of ultraviolet radi ation on skin cells, studies
relating to the effects of potential skin irritants and sensitizers on
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products, e.gansfefin.t herapeutic application, or for cell
t oxi ci ty/ nmut ageni city studies. Mor eover, given the fact that the
subject cell lines closely mmic nornmal skin cells 35 they should be well

sui ted for bi osenAiso,whesubjesaymmortalized melaifocyted aﬁﬁ%ratmocyte cell lines and
PCT/ EP96/ 05%ary melanocytes and keratinocytes have utility in DNA mutagenesxs assays,
20 skin mutagen screening assays, assays for identifying chromosome damaging

agents, malignant transformation studies, cellular biochemistry studies (e.g.,
CYP450 activation assays), screening of compounds and compositions, e.g.,
essential fatty acid cocktails which are involved in inflammation and allergic
reactions, collagenase activation assays (related to inflammation), involving
25 TNFc, interleukin detection.

A significant potential application of primary keratinocytes or melanocytes
produced according to the invention, given their availability and method of
production, is for skin grafting. Because these primary keratinocytes and
melanocytes are produced under serum-free conditions, they should pose minimal
risk of being contaminated by pathogens (e.g. viruses) and infectious agents.
Moreover, because the subject melanocytes and keratinocytes may be derived from
an autologous host, i.e., a patient having a large wound, this should minimize or
eliminate the risk of rejection of the skin graft, or other adverse tmmunological
35 reaction, as well as minimizing the risk of infection.



Addi tionally, primary keratinocytes and nel anocytes produced according to
the subject invention, given that they are produced under serumfree .
conditions, may be useful in gene therapy. Essentially, because these’
cells are W9t97€§?%sed to serum e.g., bovine or other aPCTEPY&SSIAN
(except for during viral infection and storage in liquid nitrogen),
they shoul d be | ess subject to potential contam nation by viruses or
ot her pat hogenic agents. Therefore, this should mnimze the risk of

these cells transmtting pathogenic or infective factors during gene

t herapy. Such 10 ex vivo genetic theraptas potential in the treatnent of
di sorders such as Epi dermol ysi s bul l osa (keratin nutation disorder),
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minimai v Sppetich N aghies, ?&ﬁ!ﬂﬁ%ﬁ%ﬁ r%‘ﬁ%aﬁ‘i?f?% STy bETPHsy .988°

i nf ect i ous 2apgheation. Mor eover, because the subject nel anocytes and

keratinocytes may be derived from an aut ol ogous host, i.e., a. pati ent

having a | arge t his uld mnimz elimnate. the risk
rej ection of thgs) rrﬂei}wmopﬁw H’c"ﬁ&Fm&d‘(’/@?‘ g’écPWRﬂaSEﬁ“c‘él k@scqéxaetquWe as

vel I as m followinggdédeeiptionk offexenipiaty embodiments whicWarg 286 @8r illustration

PCT/ EP9260/ 03? ﬁ?e mvention and are not intended to be limitative.

EXAMPLE 1: Characterization of Established Skin Cells

Table 1 lists all skin samples which were processed for viral infection. The
isolated keratinocytes which show the best cell growth were used for
immortalization.

25



- 20- Exanpl es of specific inmmortalized keratinocyte cell |ines

pr educed* according to the invention are FK2-NR, DK2-NR and DK3-NR whi ch
wer e dep®€l 27@36@n Cct ober 5, 1995, at DSM Deut sche Sami un@®CIvEP96/05812
M kr or gani snen Und Zel | Kul turen GrbH, which address is Mascheroder Weg -
| b D- 38124 Branschwei g Germany, and whi ch have respectively been
accorded Accession Nos. DSM ACC2240, DSM ACC2238, and DSM ACC2239.

Furt hernore exanpl es of specific imortalized human nel anocyte |ines
produced according to the invention is_.HW-NR which is deposited on

Decenber 11, 1996 at the Pasteur 10 Institut, which address is 25 rue de
Daoct eur Roux 75724 Paris France, and V\%h has been accorded Accession
No CNCM 1-1796. These deposits were ma E1 accordance with the
Budapest Treaty. All r8kii Saniples UsedtfortQell dsolatiohiihiNR-3MEeERAA cel |
lines will be irrevocably w thdrawn upon issuance of a patent to this |
applicatios or another application which clains benefit of priority to this

appl i cation. Q her features of the invention will becone
apparent in {Rkgig&Pur g |Namd & Cell e | OW NGl @esSCriptid npl ary
enmbodi nent s Wissggrbpare gisgam ore [ I{\gst rati on of trrEl ;t\‘;/eﬁ{ﬁ? oh and are
not i ntended|TO e i Ldgi Ve —EXANPrEr T Chraractrerrzrattompf
Est abl i shed SEPE Colls I 3ple 1 115 all skit sanpl es| which were
processed fof thighal infle@32 on. The6®5 i sol afed ker at i#nocyt es whji ch show
the best ¢@l |, W h wWegr&esused 1 gr I mo| al 1 zati on. 30 35
WO 97/ 23607 |oHEY o83 L f ¥
PCT/ EP96/ 058] gyelid EL] 46 f +

eyelid EL2 49 f +

abdomen Thorl 58 f -

foreskin FK1-NR 5 m -+

15 | foreskin FKO-NR 13 m bt
abdomen GKO-NR | 26 f - i+
breast DKO0-NR 29 1f it

'"Method: Cells were harvested in trypsin/EDTA (0.05%/0.01%) and counted by using a -

20 hemocytometer, the results are the mean of triplicates.

Human fibroblasts were-isolated from the skin samples FKO-NR, GKO-

NR, DKO-NR. After the separation of the dermal and epidermal compartment the

dermis was cut into small pieces 0.2 x 0.2 mm and fixed on a 6cm culture plate

25 with serum. Dulbecco's minimal essential medium (DMEM, 10% FCS) was added

after 2-4 hours. This explant culture was then incubated until fibroblast outgrowth

was visible. Confluent fibroblast cultures were split and expanded for frozen
stocks.

30



-21- TABLE 1 Ski n

Sanmpl es Used for Cell Isolation in NR-3-Mdium 5 Oigin of Nane
of Cell Ag& Sex Cell G owh' Ti ssue Strain
t hi gh 023602 36 f ++ PEI/ER96/0S812 02
68 f 10 thigh 0s3 51 f +
eyelid ELI 46 f + eyelid EL2
49 f + abdonen Thor | 58 f
foreskin FKI - NR 5 m 15 foreskin FKO- NR 13
m abdonmen GKO NR 26 -93. f br east DKO- NR
29 f ‘Method: Cells were harvested in typsin/ EDTA

(0. 05% 0. 019 counted by using a henocyt oneter, the results are

t he nean ofw@&es. 20 Human fi brobl asts were-isol at ed
fromthe skin sarrpl es FKO NR, KO NR, DKO-NR After the separation of
t he der nal % |ntQ snal |

pi eces 052 ascpamary cell

Dul becco”s qmﬂuurmbvefesrnﬂnvabdmadnwmﬁmm%mom QMQM@_@_\_‘%- 4
oS ) IS O 1t PG AP T HRIRGE GRAREALY)
frozen 19864 red NRshmedia. T best cell growth has been observed in NR-3 medium
(Figure 1). Improved cell growth has been also observed in fully defined NR-3
medium (NR-3 without bovine pituitary extract, BPE) compared to modified
MCDB 153 without BPE. :

10

Figure 1 comprises cell growth in NR-3 and epinephrine-supplemented
modified MCDB 153 (keratinocyte growth medium) after 6 days. The modified
MCDB 153 medium refers to modified MCDB 153. Keratinocytes were harvested
in trypsit/EDTA (0.05%/0.01%) and counted by using a hemocytometer. The
results shown in Figure 1 are the mean of triplicafes.

2) Effect of Coating on Cellular Attachment ahd Cell Growth: the coating of

culture plates was found to improve the cell attachment and the cell growth of
normal keratinocytes. In particular, the results shown in Table 2 compare the
growth- of keratinocytes in coated and uncoated culture plates. 100,000
keratinocytes were seeded on 3.5 cm plates containing NR-3 medium.

20

[\
wn

30

[P3 )}
W



WD 97/ 23602
-22- ‘

Pittl ekow et

medi a. The best cell

1). Inproved
medi um (NR-3

MCDB 153 wi t hout BPE.
epi nephri ne- suppl ement ed
after 6 days.

EXAMPLES -
Serum free My 99/23p02 mary cel |
MCDB 153 (Boyce et al .,

_ PCT/ EP96/ 05812
1) Characterization of Keratinocytes Gowh in
cultures were cultivated inpoukdososs:2
J Tissue Cult. Met h., 9:83-93 (1985); and
I nvest. Dermatol., 86:410-417, 1986] and NR-3
grow h has been observed in NR-3 nedi um (Figure
growt h has been al so observed in fully defined NR-3 10
wi t hout bovine pituitary extragi, BPE) conpared to nodified
Figure 1 conprises cell growth in NR-3 and

nodi fi ed kerati nocyte growth medi um
" EARLE

fers to nodified MCDB 153.

al ., J.

cel |

The nodi fied 15 MCDB 153

Keratinocytes were harve®Bffett of Surfade Coatingtdil thé CelbAtfachhténtand count ed

by using a henocytoneter.

triplicates.
G owt h:
attachnent a
the results
coated and u
on 3.5 cmp

10

25

30

the ¢

results shown in Figure 1 are the mean of
Attachment and Cell

The

oating of 20| atakhedreelly?4btafier seadingound det) numpemfter adfe cel |

d the cell }j i Keraffi ES arLreut
e%é}%(gré,a - + ggmtynt n\nt ‘nggé‘%’da ﬂL\ %Q i nd—[i

QIL-N8 culture plates. ;03 000 kdratinocytes here seeded

LS iSSHdA Nijng AR 3 medi ungg 5 25 43800 143800

DKO0-NR

passage 2 73.8 86.8 175500 282300

' Number of cells attached divided by the number of cells inoculated. Attached cells were
harvested in trypsin/EDTA (0.05%/0.01%) and counted by using 2 hemocytometer.

2 Cells were harvested in trypsin/EDTA (0.05%/0.01%) and counted by using a hemocytometer,
the results are the mean of triplicates.

EXAMPLE 3:
1) Immortalization of Keratinocytes: a cell suspension produced from skin samples |

described in example 1, which contains dissociated melanocytes, keratinocytes and’
fibroblasts, are cultured in the subject NR-3 medium. This is effected by seeding
such cells onto culture dishes which are continuously ceated with the "cocktail”
coating previously described for bronchial cells (Lechner et al., J Tiss. Cult.
Meth., 9:43-48 (1985)). During culturing the primary cell cultures when they reach
or substantially reach confluence, the cells are treated for 4 min with
trypsi/EDTA (0,025%/0,01%). During this treatment, the melanocytes detached
from the keratinocytes culture, and they are collected separatly. Primary
melanocytes and keratinocytes are thus separated at this stage. After the primary
keratinocytes have been cultured and expanded to desired cell numbers in NR-3
serum-free medium using the described coated culture dishes (promotes the growth
of keratinocytes versus melanocytes) they are then immortalized. Immortalization
of keratinocytes is effected with the retroviral construct pLXSHD+SV40(#328)
which provides for the expression of the SV40 T-antigen (see Pfeifer et al. Meth.
Cell Sci. 17: 83-89, 1995; except virus was collected from packaging cell line
forwing in DMEM, 10% fetal calf serum). During infection, the PC-1 serum free
medium described in the paper of Pfeifer et al., Meth. Cell. Sci,, 14, 83-89 (1995),
is used. After immortalization the immortalized cell lines are transferred to the



35 -WO 97/ 23602

PCT/ EP96/ 05812 -23 -

TABLE 2 Ef fect of Surface Coating on the Cell

At t achnmentvO 9723602 attached cells 24h after FETHERIGO5813 |
nunber after 4d[err] uncoated % coated %
uncoat ed coat ed DKO- NR after isolation 21. 4

68. 2 44600 143800 10 DKO- NR passage 2

73.8 86. 8 175500 282300 Nurber of
cells attached divided by the nunber of-Z%i|s inoculated. Attached cells
wer e harvested in trypsin/EDTA (0.05% 0.01% and counted by using a
herrocyt OMAIRE or NR-3 profiférafioHthEdiilas VeiighrekBatel 3}l et Ca Rar - Ll
and count ed b¥ enocyt omnet er,, he results are

triplicat &g Proli erat strecicell numbeys, thasells are wansfarred t‘l’(@rfbfﬁemtm a
cel | suspenediam suitble 6t duliFimfdhomalat Eim2drtatieed keReobpresxanpl e 1,

whi ch céntains dissociated nmel anocytes, kerati nocytes and fibrobl asts,

are cultured in the subj ect NR—3 nedl um Th| s is effect ed by seed| ng
such cel | }okig : d

Ktail oo ‘ '" Y Lesh
et al °’|‘%‘%t*é*%§ﬁ%9 o ‘%Sﬁ ?‘3 S Bf% u‘?’b’sﬁféﬁg‘sﬁ(ﬁ*’g%» L,
cel | cul ti&*%m@sesh@lsé&@hom io T ablendtbelowal This W@adiem@mratttferbo'e;het he
cel I's ar e ekfipmatiof dfhe ?:o ma@lonVuddbhn%nHeY(}mw Aot Qnk 2hlbin! gjo@the@:'il' ng

this ttatnment,.. th eta ecat i nocyt es
culture, XRHY { §P’én r%PWh WW@WMEtﬁog SERUROSIAES Fere
ker at i nocyﬂae&aesmde nxlnustryamﬁM’EA af0105%/0s0 EXéy. aMd ercotthtedpr ibyar wsing a

NR 5 30 SeRmV R HeRhafe Fihk g t@’h&% B eBaces, o0 oL e T

(promotes the grow h of keratinocytes versus nel anocytes) they are then
imortalized. Immortalization gt nocytes is effected with the
retroviyal con%u&apLXSHmSV4 w whi ch, provides for the
expressi on of t of &eratingeytabines Grown in NR-3
Keratinocytes passage number PDT (h) CriSIS” in passage
FK2-NR 15 48.00 16-18
20 LFK2-NR 39 21.16
DK1-NR 12 23.20 25-30
DK1-NR I 31.05
DKI1-NR 31 32.99
DK2-NR 15 22.26 20-21
25 | DK3-NR 40 24.34 ' -
* Crisis: cell growth with reduced proliferation rate.
3) CYP450-expression in Immortalized Human Keratinocyte lines: CYP4501A1,
1A2, 3AS, 2E1, 2B6, 2A6, and 2D6 expression were analyzed in normal and
30 immortalized keratinocytes skin cells by Western blot (protein-expression) and
RT-PCR (mRNA-expression, see Table 4). The expressed CYP450 in
immortalized keratinocytes is similar to normal keratinocytes. The rate of
expression is slightly reduced. However the DK2-NR-line shows almost a normal
s rate of CYP450-expression. Method: RT-PCR (reverse transcriptase-polymerase

chain reaction) with specific primer for CYP450 (Macé et al. in preparation).



Cell Sci. 17: 83-89, 1995; except virus was collected from packagi ng cell
line 35 -forwwng in DVEM 10%fetal calf serunm). During infection, the PC
1 serum freavo9723seeli um described in the paper of Pfeifer et apcrrdiddssiz

Cell.Sci, 14, 83-89 (1995), is used. After inmmortalization the
immortalized cell lines are transferred to the WO 97/ 23602
PCT/ EP96/ 05812 -24 -
NR-2 or NR-3 proliferation nmedium using precoated culture dishes. After the
cells are proliferated to desired cel hgnunbers, the cells are
transferred to a differentiation medi um sui tabl e for cul turing normal
and imortalized keratinocytes. 5 2)_Cel I ProI i feration of
I rmortalized Keratinocytes in High Pas?é&la immortalized
keratinocytes were dermrcswaﬁﬂuvhompheésién iﬁHlﬁﬁSﬁ K&Ldtnﬂfﬁ% I'n hi gh
passages. This is shown in Table 3 below This was denonstrdted by the 10
estimationgof the-population doubling time (POT: tjme for doubling of
t he cell popyl ur i fneastdee || i tjhmg ., gno h
Ker at i nocyt es werle ﬂr&tmo Cl?s\/este o2 i nqgtqr YASi /TED' V%l %ﬁd %?}ZOA%W
counted by wusiflg a hen’ﬁ‘}f@{ebr“eter, tlhe resdlts ar t he |meBs, 2iD6
triplicates. 15 - TABCE—S
Popul ati on Doubl ijfKOINRe ( PT) 4f - Her ati ngcytse Linesr G pw i | NR-3
Ker at i nocyt es pasSaygy TIamToeT PET(rr eSS —tn
passage g FK2{¥R2-NR 36 +151 "+ + 48.00 .
16-18 20 FK2- /R 39- 24—+ Bk NR
12 ma)m 3 26-30 + DKI+N\R + -
15 3465 BE—NR 3+
32.99 DK2- NIRDK1-NR 31 L5 + + P2.426 -
20-21 25 DK3- N 48 2434 2O Si s
cell growth wth{msusrd prq)liflgration,.raﬂe.i. + + .

15

* 1Al mRNA expression in immortalized cell lines was increased after induction with
Benz(a)pyrene (1.5uM; Amersham Inc.). The increase was comparable to normal cells
**2C17/19 and 2C18

4} Response to CYP450-Inducers: the cell lines respond to the CYP450-inducer

Benz(a)pyrene like non-immortalized cells even in high passages (see Table 5).
This induction is not described for T-Ag immortalized keratinocytes.

30



3) CYP450-expression in Imortalized Human Keratinocyte |ines: CYP4501Al,
1A2, 3A5, 2El1, 2B6, 2A6, and 2D6 expression were analyzed in normal and 30
imortalized keratinocytes skin cells by Western bl ot (protein-expression) "
and RTWeIOR/360NA- expr essi on, see Table 4). The expressedpCYmro6rossn2
imortalized keratinocytes is simlar to normal keratinocytes. The rate of
expression is slightly reduced. However the DK2-NR-1ine shows al nost a

nor mal rate of CYP450-expression. Method: RT-PCR (reverse

transcri ptase-pol ynerase 35 chain reaction) with specific prinmer for CYP450
(Mace et al. in preparation). -3 97/ 23602

PCT/ EP96/ 05812 - 25-

TABLE 4 CYP nmRNA Ex%rlgsi on in Human Keratinocytes
Keratinocytes Passage 1Al* 2c~TA p 3A5  1A2, 2A6,

nunber 7-ethoxyresorufin O-deethylase (EROD3BSigm@b6 Inc.) Actilgrlia' NlqutF*‘i@uNPan

g 6 5+ +Keratinoc:ytes afteripductiontq:ith Benzpyrene (B(a)P)* DKO- NR
3 L + + + - DK1- NR
31 + + ¥ ¥ - “TNR
13 + + passagc 1a1 eprggsi on in
i mortalized cel] Kedatimseywas i ncrepsed afriuetber nduct if on (pwhslhng protein)
Benz(a rene (1f M ANEer snam T nc. ) ., 1ne 11 le to
nor n‘é_| ) g)e/| | s ( &é%‘!l ZL19 _and 18 rz A:\[ R SpEgtanie
CYPA50- ljpducer s: | FR&-NRet Bd)Pnes respond t @ the CYP450-i ndukbd 20
Benz(a) pyrene |ikegsgg | mortall ZPH cel I sygven i n high pasggges (seq Table
) . Thi s i nﬁux,‘cl or——s—pot—deper-ed—for—F Ag rro-tat-t+zed
keratinocytes. |FK2-NR+B(a)P
DKO-NR 1 0.02
DKO-NR + B(a)P 1 1.03
15 DKI-NR 32 0.04
DK1-NR + B(a)P 32 1.78
DK2-NR _ 14 0.02
DK2-NR + B(a)P A U 0.69
DK3-NR 39 0.0t
20 DK3-NR + B(a)P 39 1.86

* Keratinocytes were incubated 24h with B(2)P (1.5uM). EROD activity was measured after
incubation at 37°C by fluorescence detection of resorufin product (560nm excitation 586nm
emission).

25 3)_Cell Differentiation: differentiation markers were analyzed using -specific
antibodies. The specific antibodies used are identified in Table 6. The highest

differentiation capacity could be demonstrated in DK2-NR and DKI-NR clone
(Tables 7, 8).
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25 30 35 WO 97/ 23602
PCT/ EP96/ 05812 - 26-
TABLE 5 wda opifsexyresorufin O deethyl ase (EROD; Sigma Inc. 9(;1;9@{;95\;551;;; In
Human 5 Keratinocytes after Induction wth Benzpyrene (B(a)P)*
passage ERCD Ker at i nocyt es
nunber (prol / mg protein) FKO NR
2 undet ect abl e 10 FKO-NR + B(a)P
2 0. 58 FK%:AIR 37
0.01 FK2-NR + B(a)P 37
1.05 DKO- NR 1 - 0.02
DKO-NR + B(a)P 1 TABLE 6 1.03
Antibodies used for the Detection of Keratinocyte-Specific Proteins
_ | Specificity Name of the Antibody Company/Reference
5
T-Ag Ab-2 Oncogene, Manhassat, NY
Involucrin BTIBT-576 bti, Stoughton, MA
Filaggrin Filaggrin Paesel + Lorei, Frankfurt, Germany
Loricrin aAg 73 Magnaldo et al. 1992
10 Vimentin \'E Dako, Glostrup, Denmark
Keratin K4 6BI10 Sigma, St. Louis, USA
Keratin K7 1LDS-68 Sigma, St. Louis, USA
Keratin K8 M20 Sigma, St. Louis, USA
Keratin K10/1 K8.60 Sigma, St. Louis, USA
15 | KeratinK13 KS-1A3 Sigma, St. Louis, USA
Keratin K14 CKB1 Sigma, St. Louis, USA
Keratin K17 CK-E3 Sigma, St. Louis, USA
Keratin K18 CY-90 Sigma, St. Louis, USA
Keratin K19 A53-B/A2 Sigma, St. Louis, USA
20
TABLE 7
Detection of T-Ag and Differentiation Products of Epidermal Keratinocytes
K.emtmocytc Passage T-Ag Involucrin | Filaggrin Loricrin | Vimentin
| Number
FKO0-NR 2 - e ++ + ++
25 | FK2-NR 25 4+ ++ ++ + -+
DKO-NR ' 2 - bt it 4 +4t
DK1-NR 13 b L ++ ++ ++
DKI1-NR 30 -+ +— ++ + ++
DK2-NR 1t et . - —+ FN.
30 | DK3:NR 36 . ++ T + -+

L
w



15 DK1- NR 32 0.04

DK1-NR + B(a)P 32 1.78
DK2- NR 14 0.02
DK2- NR + B¥O)%/23602 14 0.69  PCT/EP96/05812
DK3- NR 39 0.01 20
DK3-NR + B(a)P 39 1.86 * _
Keratinocytes were incubated 24h with B(a)P (1.5[err]M. EROD activity was
measured after i ncubation at 37C by fluorescence detection of resorufin
product (560nm excitation 586nm em s.gigan) . 25 5) Cell Diffentiation:
differentiation markers were anal yzed using specific anti bodi es. The
speci fic anti bodies used are identi fh&(z@t&agabl e 6. The hi ghest
differentiation capacity could be de ed in DK2-NR and DK1-NR cl one
(Tables 7, 8). 30 Détection of Keratind{Kyii’Kepatinocytes
PCT/ EP96/ 05812 -27-
TABLE 6 3 ntibodics used. faor the Detection.af
Ker at i nocy| Ke@jrocitési cpdvmpt ¢ikds . | K7 | Bgec| KIoH thyKI3 | KINafKidf | Khe |Ais boldy
Conpany/ Ref er ence b §9 \b- 2
O‘lCOanG, Nekhassal v Rpoer Lovaol udrin BRIl _RT _L7H
bti, StoughFE®NRNVA |2 Fif Faggrii-n ++ F+ | adgritn | ++ ++ + +Paesiel
+ Lorei, Fgpx{Rrt, {Gynmany .., . - ++ ) + + +
10 DKO0-NR 2 ++ - - -+t e T X = N =S +

DKI-NR 13 ++ - ++ Ft e ++ 3 + +

DK1-NR 30 + . ++ |+ ++ [+ |+ ~ |+

DK2-NR i1 -+ . 4t R I B R I

DK3-NR 36 + - At [ oA bt | At | et | e |

|5 Method (Tables 7 and 8): Keratinocytes grown on chamber slides were stained afier fixation in

pure methanol with antibodies listed in Table 6.
+++: highest concentration of protein, quantified by fluorescence microscope.

-: no protein expression.

20 §) Expression of Glutathione-S-Transferase: the phase II-enzyme Glutathione-S-
. transferase (GST) has been analyzed by Northern blot and Western blot technique.
All keratinocyte lines express strongly mRNA for GSTx but not GSTa and GSTu
(Table 9: Method: Northern Blot). The protein-expression profile of GSTa, GSTu

and GST= in the cell lines was similar to normal keratinocytes .

25 _
TABLE 9
Protein-Expression of GST enzyme
30 | Keratinocytes GSTo GST GSTx
FK2-NR - - +++
DKO0-NR - - B
DK1-NR - - -
DK2-NR ] . -

35 | pk3Nr - - A




Lonicrin aAg 73 Magnal do et al. 1992

Vi mentin-: V9 Dako, d ostrup, Denmark
Keratin K4 wo 97,§%0 Sigma, St. Louis, Uigm:r%/osslz
Keratin K7 S- 68 Sigma, St. Louis,

Keratin K8 IVIZO Sigma, St. Louis, USA

Keratin K10/ 1 K8. 60 Sigma, St. Louis, USA

Keratin K13 KS- 1A3 Sigma, St.-Louis, USA

Keratin Kl4 CKB1 _Shgma, St. Louis, USA

Keratin K17 CK- E3 fgma, St. Louis, USA

Keratin K18 CY- 90 SI grra St. Louis, USA

Keratin K19 - t&t andipze sand 38 c@fipare the
TABLE 7

Ker ati nocyt e?ééﬁ?ﬁr’aﬁﬁn Ojr}dTefaﬂﬁﬁgn %Sécfcfe‘anﬂ’% Eeatﬂl%léﬁ/{%r g@n?@ﬁﬁgqrgabaﬁl-
Loricrin \/NBmFKZ R) and normal keranmmg.ﬁ were tregtegl nith linoleic acil (LA,

+++ !"SpM) and cz“—hnolemc acrti"‘(m 15 Ngr these expenngénts the EFA-8eficient
: + NR-2 (Blpﬂuxds Inc.), 1\_aqa.s used. elmFgultures were {reated afier, reaching
+++ ++conﬂuency+&nd shifting NR-2 high célsfurhi§1.5mM). Ceﬂ@ were treated 4 days
+t t DK2- NR

o T with EFA Li"en‘%ved[ﬁ&q\lg days). 36 s .

++ ++ WO 97/ 23602

PCT/EP96/d§812
TABLE 8 EFA analysis waée;t)erfon%}e;ld by elztractlon an{:{@eparat}gn 8? Phog&fgol S[.nds
Ker at i nocyt eDY F&<s {hin lawer chrematography) andquantificatioq of fatty acidnsethylesters

nunmber by GLC (gas liquid chromatography). The formation of the desaturation and
elongation products of LA (20:4n-6 and 22:4n-6) and LN (20:5n-3, 22:5n-3 and
15 22:6n-3) could be demonstrated. This metabolic profile was consistent with that
observed in normal keratinocytes.

8) Karyotyping: all cell lines were hypodiploid with most chromosome counts in
the dipoid range (except DK2-NR with chromosome counts also in the
hypotetraploid range). Cells other than those of the analyzed cell lines were not
detected in the cultures. This result confirms the purity of the cell lines and the
absence of cellular contamination from other sources.

20

9) In vive Characterization: the tumorigenicity of immortalized keratinocytes were

determined by subcutaneous injection (1-2mio keratinocytes) into nude mice. The
tested keratinocyte lines DK2-NR, DK3-NR, FK2-NR are not tumorigenic in nude
mice (4 months of incubation). DK3-NR was however weakly tumorogenic in 6
animals among 10 animals after 5 months of incubation.

25

30 10 -Response to Skin lmitants: the induction of the "stress-gene" TNFa (tumor

necrosis factor alpha) after treatment with skin irritants PMA (phorbol-12-

myristate-13-acetate), SDS (sodium dodecyl sulfate), DMSO (dimethyl sulfoxide),

IL-1 B (interleukin 1 beta), and UV-B (uitraviolet B) was analyzed by Northern

blot and biological assays (Table 10). The keratinocyte lines respond to PMA and
15 UV-B and express the protein TNFa even in high passages.



FKO NR 2 ++ ++ ++ +++ ++ +
FK2- NR 25 +++ +++ ++ +++  ++ ++
10 DKO- NR ++ - +++ +++ +
+ [ er rivo 97/23602K3- NR 36 + +t+ +PCT/EPYG/058T2
+++ ++ +++ ++ 15 Method (Tables 7 and 8): Keratinocytes grown on

chamber slides were stained after fixation in
anti bodies listed in Table 6.

+++:

quantified by fluorescence nicroscope.

6) Expression of @ utathione-S Trnsferas

d ut at hi one- S-

West ern bl ot techni que
for GST[err] butAﬁGt’tTGERB@frqf rm@q@quatmocmwwh phorbel relers

Al |

transferase (GST) has
keratinocyte |ines express strongl

3

pur e net hanol
hi ghest concentrati on of protein,
no protein expression.
t he phase Il-enzyne
en anal yzed by Northern bl ot and

(Vien

Bl ot). The jpehgd Bfeéfﬂl’ég‘é%%k Wgtgpeqj EkpresdioffWaseobdervédiTl er 1] and
GST[err] in the cell lines simlar to normal keratinocytes. 25
TABLE 9 Pr ot ei n- Expressi on of GST enzyne

Kerat i noéyt es

GST[ err]

TABEE 10

GST[err

FK2- NR

JISIZ- NR DXlgebFetion of TNFa in Keratinocytes after Induction with Ski%;ﬁénts
++ WD 97/ 23602

PCT/ EP96/ 0%8ckéin activity assay: *H-thymidine incorporation into a TNFa-sensitive cells*” 29-

W th

TNFa-secretion after induction with
10 Keratinocytes | passage
number PMA SDS DMSO IL-18 UV-B
DKO-NR 3 + - - nt +
DKI-NR 20-22 + + - +
DKI1-NR 32 + - - nt +
15 | DK2-NR 16 + - - - +
DK2-NR 31 + - - nt +
nt: not tested
*: sensitive cells: mouse fibrosarcoma cell line WEHI 164 clone 1.14 (ATCC).
20 . . .
11) Organotypic Cultures: the cultivation of human keratinocytes under
organotypic conditions (keratinocyte grown air exposed on collagen gel with
feeder cells) was also conducted. All keratinocyte lines showed a
hyperproliferative morphology compared with normal keratinocytes. These
25 studies have been done in culture medium with serum. The hyperproliferative cell
growth was reduced under serum-free conditions (NR-2 with high calcium
(1.5mM) on plastic insert culture dishes without collagen gel and without feeder
cells).
30 EXAMPLE 4:
1) Immortalization of melanocytes: a cell suspension produced from skin sample
DKO-NR described in example 1, which contains dissociated melanocytes,
keratinocytes and fibroblasts, are cultured in the subject NR-3 medium. This is
35 effected by seeding such cells onto culture dishes which are continuously coated

with the "cocktail”" coating previously described for bronchial cells (Lechner et al.,
L Tiss. Cult. Meth,, 9:43-48 (1985)). During culturing the primary cell cultures



7) Essential Fatty Acid (EFA) Metabolism to analyze and to conpare the
desaturation and el ongati on of added EFA in keratinocytes, immortalized

( DKI - WD oS NR) and normal keratinocytes were treated vpdPEPSdS8el C
acid (LA, 15[err]M and [err]-linolenic acid (LN, I 5[err]M. For

t hese experinents the EFA-deficient NR-2 (Biofluids Inc.) was used.
Cell cultures were treated after reaching confluency and shifting NR- 2
high calcium (1.5mMM). Cells were treated 4 days wi th EFA (renewed
after 2 days). 10 EFA anal ysis was perfornmed by extraction and
separati on of phospholi pids by TLC (+&kn | ayer chromatography) and
quantification of fatty acid-nethylesters by GLC (gas liquid

o oduct 292?‘%’* SBEY, S RBE SOl s GBS, é‘*"%ﬁ)‘ssafee*f%%at%m min
22:6n-3) couWith bw@érrdEQMt E4025%/ Orlr%)ab&urmaortbﬁ teeafment othe snelanoaytes

t hat ohgaa MR ﬁ%n{‘%éfﬁéralﬁ%é;%é‘%!/&?é and the Memraeaédwgepa%ilyc%kn
lines werg hr}/qg?dl pl oi d npst ‘chronospme counfs t he e

(except DK2-TRIARCEN eéhaaﬁdsﬁﬁ%n%am arg | thys; ?Fnaﬁ%teéoathwiat %t@sapl e cpHﬁa
Cel I's ot her privaary hﬂﬁ(hzﬁfc vide arpathencdeeded in NNR-deiseruinifree medigat avhich

absence of CATFHEINE '#fhﬁf Jh <5foah ot Bl s AfieF She PrigtaRy Welapdytes
Char act eri zahavwnbecmezwlmm iapdnéxpandedftd desiredideleduinbers iim R4 sserene fi26

det d t t .
e e e LGP el YSEIREY gl GG PP R SRl
t unor i geni ¢ immattalization p€ e kerptingRytes ds Pﬁ@@%ﬁﬁlﬂﬁﬁ tbRSIRROMHQ heorstagct

:Aﬁgtljlb)a/tt LUOrSIGREHD-SVAO(#328) WHRthproides. {6t i) egression O the BWUIDST Rhtigen
"stress- gene( el'ﬁﬁ? g%rr?t ip&ﬂ"lﬂ‘ (Eell a‘?égr—) sd’jskgaig%é SHSFRLYITYS (RS ‘E?l&ﬁtﬁ%ﬁf"m
wi th skin i rpackaging ﬁmm@lfmmhn il DMEM, 19% ftalt ealf Serangt Buting i‘iﬁ&ctﬁﬁw,ctham
beray. ans GBS Wﬁ#ﬁfﬁgﬁﬁghﬁmﬁf@%@wﬁ%@ifeﬁ eth]] L
bi ol ogi cal akkBa8PTEINGG),15) usethARer immmtalizationnths remootalized @I!Mlmsl 1)
W-B and exprfisferré® # the! N2TNebBIerdtiSy eand rﬁl@fegéhtpﬁﬁﬁﬁgﬁédlum Wi‘\% 5
weden

97/ 23602 DM
-30- medium, Biofluids, No148; can also be bought from M. Olssen, Uppsala g

2) Characterization of T-Ag Expressing Human Melanocytes:
20 anoc the expression of

melanin-associated proteins of immortalized melanocytes produced according to
the invention (especially DM2-NR) was compared to normal melanocytes. It was
demonstrated that immortalized cells expressed melanin-associated proteins,
melanoma associated antigen (MAA) and HMB45 similar to normal cells,
although at lesser levels of expression.

A8
W

3) Induction of Melanin Synthesis: the melanogenesis of T-Ag expressing

melanocyte cell lines (especially line DM2-NR) was compared with normal
melanocytes. The melanocytes were treated with the melanogensis inducers
tyrosin and theophylline and the melanogenesis inhibitor kojic acid. The
melanocyte lines (especially DM2-NR) responded to melanogenesis modulator
comparable to normal cells. The induction/inhibition of melanogenesis was also

30

demonstrated to be dose dependent.



After treatment of immortalized keratinocytes with phorbol esters (PMA) an
i ncrease of collagenase (type |I) expression was observed.

TABLE 10 Secretion of TNF[err] in Keratinocytes after |nduction

wi th Skin WO d128605 Protein activity assay: [err]Hthy®rCiERP96/05812
incorporation into a TNF[err]-sensitive cells*.

TNF[ err]-secretion after induction with 10 Kerati nocytes passage
nunmber PMA SDS DMVSO I L-1B UV- B DKO- NR 3
+ - nt + DKI - NR 20- 22

+ + + -32- DK1- NR 32

+ nt + 15 DK2- NR 16

+ . : + DK2- NR 31

+ . EXAMPLE 5: + nt: not tested
*.sensitive ceI I S' nouse fibrosarcoma cell |ine V\EHI 164 cl one 1 14 (ATCC).

05 T3 é?‘?d R Blroptes, e Pl s o5 &% oy rroribed

col | agen geabwet, hW1 thef R 6 cbaded) rewmmsalcsnsmanhXtSéHD+ 6/R¥ | which is
Kk t t d
eratinocy Bﬁplbte'aeﬁx ﬁ%*ﬂPé’"Qﬂ ,F%veral @?o&& Yer t%@éyté’sehﬂgg RAEE ORYe ?%’.Fg*h@

wi th normal rati noc u @ga ave ‘been I n cu C
medi um wi t haBIY$ih re’r!ﬁ&t ¥ pbess bines éﬂaﬁemé jiferentigfioRpro {entpkemtitmsger
serum free GOTi TNFs, (iNdldcmh| fomggmpaL@mﬁn VirhénthilMar® nsipliRgt t6 tHb%@rt |

S 5 DBk BRihe % BRI BRI L S | cushonston

produced from skin sanpl e DKO NR described in exanple 1, which contains
di ssoci at edm_@s, keratinocytes and fibroblasts, are cultured in
t he subj ect - rgm This is 35 effected by seeding such cells onto
cul ture di shes which are conti nuously coat ed with the "cocktail"”

coating pr e'rhet&kryp fvel MRCH irAtdiag bf the §60&RIor bnd! several other

Ti Cult. Meth 985 Durij n [ tur the
C:“sts uress serum-free me 1um éfl resent {n nngn lilcI wR erl{b X 13‘131-4 are

compared below.

1) Media Composition of NR-1 Medium (see table below)

20 NR1
’ {milligram/iter}
Amino Acids
L-Alanine 9.0000
L-arginine, HCl 316.0000
25 Asparagine, H,O 15.0600
L-Aspartic acid 4.0000
L-Cysteine, HCi, H,O 42.0000
L-Glutamic acid ’ 14.8000
Glutamine 877.0000
- Glycine 7.6000
30 L-Histidine, HCI, H,O 50.4000
L-Isoleucine 98.4000
L-Leucine 131.2000
L-Lysine, HCl 36.6000
B L-Methionine 13.4000
35 L-Phenylalanine 14.9000
L-Proline 34.6000

{.-Serine 126.2000



WO 97/ 23602 PCT/ EP96/ 05812
-31 - - when they reach or substantially reach confluence, the cells are
treated for Wwowmpisez W th trypsin/ EDTA (0, 025% 0, 0199 . Duri n@gctrhir®6/05812
treatnment, the nel anocytes detached fromthe keratinocytes culture, and
they are collected separatly. Primary 5 nelanocytes and kerati nocytes are
thus separated at this stage. The collected primary nel anocytes are
then seeded in NR-4 serumfree medi um which specifically inhibits the
grow h of keratinicytes. After the primary nel anocytes have been

cul tured and expanded to desired cell nunbet¥ in NR-4 serumfree nedi um
using the described coated culture they are then immortalized.

I imortalization of keratinocytes is effected with the retroviral construct
pLXSHD+SV40(#328) whi ch provides for the expression 8 the SvV40 T-anti gen
(see Pfeifer et al. Meth. Cell Sci. 17: 83-89, 1995; }fig,gg‘g,,it¥,j rus was
collected from packaging cell line forwing in DI\}EM 10% (!Jtal cal f
serun). Du?ing infectitof¥opRe F PC-1 serum free medi?¥8%®scribed in the
paper of Pfeifer et alL-Trypphin Cell. Sci ., 14, 882088 (1995), is used.
After imortalization;t J rtalized cell lines ar transferred to
the M2 proliferation zlir?g?oé{ln ferentiation nmedi um (DIVE%IGI{—)&OZ medi um

Bi of | ui ds, No148; canlaf#i® be bought from M O ssen,7038¥5al a, Sweden). 2)
Characterization of Tidfggemarssi ng Human Mel anocytes: the expression of

mel ani n-associ ated prqteins i rtall mel anocyt produced accordi ng
to t h&0 i nventi on 83?}3&'35"%%‘17%‘3 @%ﬁ&gs conpar eooﬁﬁ% nor mal

mel anocytes. |t was AmmgeinmiMdlybdate iNHao.Danéih.Oh! | 2:091¢el | s expressed

mel ani n-associ at ed pr @41 Shioride [CRED associ at edgapgg 9en (MAA) and
HVB45 simlar to norngl cells, t hough at | esser | evels of expression.
3) Induction of Mel aglewrgshlf%%[gf‘%c?‘x%@]nel anogenesi 28 T- Ag expressi ng

mel anocyte cell | i nesFgashdfet feSO,7THi DV2- NR) was dewpared with nor nal

mel anocytes. The nel agQeuliss cHBLE® ffxeikdflowW th the nBhgpegensi s i nducers 30
tyrosin afd theophyl || n@éa’md t he rr[glrgarzlo enesi s i nhi g?t or kojic acid. - The
mel anocyt e |ines (esptereanrssCipple WCyEHfInded to m*%BPogenesi s nodul at or
conpar abl e to normal Viekdl SulfatelfHiSOpckE;©] on/ i nhi bi ti om.0063 nel anogenesi s was

al so denonstr at edp&ﬁsiﬁ}%cgﬂﬁc?e [ﬁeﬁendent. 112.0000

Sodium Acetate 301.5000

20 Sodium Bicarbonate [NaHCO,] 1088.0000
Sodium Chioride [NaCl} 5200.0000
Sodium Phosphate Dibasic [Na,HPO,x7H,0] 536.0000
Sodium Pyruvate 55.5000
Sodiutn Selenite [Na,SeO,] 0.0050
Sodium Silicate [Na,Si0;%9H,0] 0.1420

25 Tin Chloride [SnCl,<2H,0] 0.0001
Zinc Sulfate [ZuSO,x7H,0] - 0.5100
Vitamins
d-Biotin 0.0200
d-Calcium Pantothenate 0.2600

30 Choline Chloride 28.0000
Cyanocobalamin (B12) 0.4100
Folic Acid 0.7900
i-Inositol 18.0000
Nicotinamide (B3) 0.0400

35 Pyridoxine (B6xH,0) 0.0600
Riboflavin {B2) 0.0400

Others



WD 97/ 23602

PCT/ EP96/ 05812 - 32-
EXAMPLE 5 the strain DKO NR described in exanple | has been
i mortal i z@"&’”é@‘%scrl bed above, with the HPV16 based PET/EB/95882
construct pLXSHD+E6/E7 which 1is depicted in figure 2b. Several
continuous keratinocytes |ines were selected. The anal ysis results of
these lines in terns of differentiation products (cytokeratins, GST,
TNF[err], Involucrin, Filaggrin, Loricrin, Vinentin) are simlar to those
obtained for the |ines DK2-NR and DK3- NR.340 EXAMPLE 6: The
conposition of the novel NR-3 nedium of the invention and several other
serumfree nmedium of the present invention, i.e. NR 1, NR-2 and NR-4, are
conpar ed bel ow. 1) Media Conposition of NR- | Medium (see table
bel ow) 20 NR1 _ NRI
Imilligranm literl Ami no Aci ds [milligram/liter] | Al anj ne
9.0000 5 Adenine ar gi ni ne, HC 27.3000 316. 0000 25
Asparagi ne, Herer] Q.. 15. 000 L- Aspartic
aci d %pxdermal 'growﬂifﬁ:ﬁ)ééEGF. human recomb.? 0.0('_!9 Cysteine, HJ .
Herr]O Ethanglamig® 00 L- @08nmic acid
14. 8000 Glucosdd Ut am ne 1080.0000 877.0000
30 d yc ' 7. 6000
L-H stidine, HJ, Hf%& 0 : 50. 4000  8000.0000
L- | sol eygi ne Hydrocortisone 98. 4000  0.5000 L- Leuci ne
131. 2000 Insulin (bovine) 5.0000

Phenol Red 1.2000

Phosphoethanolamine 0.0710

Putrescine 2ZHC 0.1600

15 Thiamine HCl 0.3400

Thioctic Acid 0.2100

Thymidine 0.7300

Transferrin (human) 10.0000

Osmolarity 280-285mOsmvkg

20

2) Media Composition of NR-2 Medium: same as NR-1 but supplemented with

bovine pituitary extract (Biofluid Inc.) at 35 mg/l, and containing antibiotics
(Gibco BRL, Life Technologies Inc.) fungizone (0.25 mg/l) penicillin (10.000
units/l) and streptomycin (10 mg/1).

25

3) Media Composition of NR-3: same substituents as NR-2 but supplemented with
epinephrine (Biofluid Inc.) 250 pug/l.

4) Media Composition of NR-4: same substituents as NR-2 but supplemented with

BFGF (3ug/l) (basic fibroblast growth factor obtained from Sigma Inc.) and
phorbol 12-myristate-13-acetate (10 pg/l) (PMA) (C.C.R. Inc.).

Although the invention has been described in considerable detail with
regard to certain preferred embodiments thereof, other embodiments within the
scope of the teachings of the present invention are possible. Accordingly, neither
the disclosure nor the claims which follow, are intended, nor should be construed
to be, limited by the description of the preferred embodiments contained herein.



L-Lysi ne, HC 36. 6000

L- Met hi oni 13. 4000

L- Pheny! al o0 3723602 14. 9000 PCT/EPINOIHIZ 1o
34. 6000 L- Seri ne 35 126. 2000
WD 97/ 23602

PCT/ EP96/ 05812 e et -33
- FOR THE PURPOSES OF PATENT PROCEDURE NR1
Imlligrferr]mliterl 5 L- Thr eoni ne

23. 8000 L- Trypt ophan

9. 2000 L- Tyr OS INTERNATIONAL FORM

13. 6000 L- Val i ne

70. 2000 Inorganic Salts 10 Anmoni um
Met avanadNESTEGIH &x.r | VO err] | 0. 0006 Anmoni um
Mbl ybdat e RegdlH des |BriesverdMb[err] Jerr] x4H err] g 0. 0010

Cal ci um CAVer¥egeXé&caCl [err] x2H err] O 16. 2000

Cupric Sulf.,a SHerr] XsH err] g Q0. 0025

Ferric SuF%é%’goé Sleeérgyerr] x7H err] O o Q%”mﬁ“m
Magnesi um Chl oride [MgC [err]x6H err] O nrm'n TIOMAL

Manganese Chloride (MC[err]x4Herr] Q idﬂﬁﬁedAumonmQ &‘ngom

Ni ckel Sulfate [NiSOerr]x6Herr]Q 0. 0003.

POt aSSi gtttk 112..0000

Sodi um 5&@%&' 301. 5000

Sodi um AP@ car orPaOFeOFi & err 1088. 0000

Sodi um IChl ori de [ NaCl ] 5200. 0000

Sodi um Pl P PETOSERRHP( er r | x 7H[ pr4 aumber §@&6Gy 8000

Sodi um Pyl Passage 22 %Wmv AUTHORITY:
Sodium|Sel enite [NaJerr]Se( err]] pUsMORB02240

Sodium|Silicate [Nalerr]Sierr] x9H err] 0.1420

Il SCIENTIFIC DESCRIPTION ANDYOR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under [. ebovs was sccompanied by:

(X) asclentific description
( ) = proposed txxonomic desigaation

(Mark with & cross whers spplicadle),

IL RECEIPT AND ACCEPTANCE

This Insemationsl Depositary Aubority sccepts the microorganism identified under £, sbove, which was received by 2on 1995-10-06
(Dus of the original drposit)'.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified wnder § above was recsived by this Iniemarionsl Depositary Authority on {dste of original depostt)
:cmnwmﬁﬂu%nnmmm&&memmmﬁmbyhm (dame of receipt of cequest

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSM-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power t represent the
MIKRCORGANISMEN UND ZELLKULTUREN OmbH International Depositazy Authority or of authorized officlal(s):
Address: Mascheroder Weg b
D-33124 Braunschweig 0’. a/a'@

Dae: 1995-10-19

! thnknle“(d)qﬂhw&ﬁnhduﬂmm%“mofhﬂmﬁonﬂ&pu@yaﬂmﬁﬂmmmi
Formy DSM-BP/4 (sole pago) 07/594




25 Tin Chloride (SnCl [err]x2H err]0]. 0. 0001

Zinc Sulfate (ZnSOerr]x7H err] g 0. 5100

Vi tam ns d-Biotin :

0. 0200 WO 97/23602 d- Cal ci um Pant ot henat e PCT/EP96/05812

0. 2600 30 Chol i ne Chl_gri de

28. 0000 Cyanocobal3%rin (B 12)

0.4100 Folic Acid

0. 7900 i -1 nositol

18. 0000 Ni cotinam de (B3)

0. 0400 35 Pyri doxine (B6xH err] O

0. 0600 WHAT IS CLAIMER If0f | avin (B2)

0. 0400 QO hers WO 97/ 23602

PCT/ EP96/ 05812 -34 -

NRI Y 1. An immortalized human keratinocyte cell line or melanocyte cell line
[m1ligr ]

008 WHi&S Iretains the Iz:abll iy to dxﬁgﬁﬁtﬁ% ntd to EERgess proteins and | gngymes
0. 0010 which are expressg hmmmqiedlfferennated keratmocytes or melangcytes @ven
G ucose after high passage in tissue culture. ~ 1080. 0000 HEPES
6000. 0000 10 Hydrocorti sone 0. 5000
I nsulin (bovine) 5. 0000 Phenol Red
1.2000 2. ArPiminipmatized kelatinoryte cell line according to Claigh @ A%Rerein -

gugaggc'we el line expresses keratjn proteins Oark® Bthet Hral ARG & expressed by |

Thyr ni di ne normal differentiated keratinocytes. 0. 7300

3. An immortalized keratinocyte cell line according to Claim 2 wherein
15 said keratin proteins include Keratin K1/10, Keratin K14 and said other proteins
include involucrin, filaggrin and loricrin.

4, An immortalized keratinocyte cell line according to Claim 1 wherein
said immortalized keratinocyte cell line exhibits a CYP450 profile which is
20 identical or substantially identical to that of normal differentiated keratinocytes.

5. An immortalized keratinocyte cell line according to Claim 4 wherein
said cell line expresses CYP450 1Al, 2C, 2E1 and 3AS but does not express
CYP450 1A2, 2A6, 2B6 and 2D6.

25 _

6. An immortalized human keratinocyte cell line according to Claim 1

which is produced under serum-free conditions without the use of feeder cells.

7. An immortalized human melanocyte cell line according to Claim 1
30 which is produced under serum-free conditions without the use of feeder cells.

8. An SV40 T-Antigen immortalized human skin cell line selected from
the group consisting of the keratinocyte lines DK2-NR (DSM ACC2238), DK3-
NR (DSM ACC2239) and FK2-NR (DSM ACC2240) and the melanocyte line
35 DM2-NR (CNCM I-1796).

* c L M S *



Transferrin (human) 10. 0000 Csnol arity

280- 285r0snT kg 2) Media Conposition of NR-2 Medium sanme as NR-1 but
suppl ement egvdwidssoz bovine pituitary extract (Biofluid Inc.)pcaedEosgr? ,
and containing antibiotics (G bco BRL, Life Technologies Inc.)

f ungi zone (0.25 ng/l) penicillin (10.0087 units/l) and streptonycin (10
mg/l). 25 3) Media Conposition of NR-3: sane substituents as NR-2 but
suppl emrented with epi nephrine (Biofluid Inc.) 250 [err]g/l. 4)

Medi a Conposition of NR-4: same substituents as NR-2 but supplenented with
30 PFGF (3,ug/l) (basic fibroblast growh factor obtained from Sigma
Inc.) and phorbol 12-nyristate-13-acetate (10 [err]g/1l) (PMA) (C.C R
Inc.). 9. Al t Aauigimbitalized detatiodyas cbl dinedesoordhgdto Claim 1 which

her oo, ot herP ‘%o%d%ﬁ&ewqﬁ%%ﬂﬁéﬁaéﬁé?%%ﬂ%?%éﬁeéﬁiaﬁﬁﬁﬁ‘ HtidasT-o

pr esent |nyent|on are possi ble. Accordingly, nelther t he dlsclosure nor

the clai ns” which fg Iow fg,l%) &r& .

limted by the descrl tlonh‘?wb{j‘hﬁE g{r}?‘{eo ngglg s c%{l a| ne lﬁté gﬁmh
VO 97/ 23602 Wwhen cultured in oroanotypxc culture forms a hlghly stratified and polarized
PCT/ EP96/ 058 kgithelium having comified superficial Iager in the absence of serum or feeder

35 il UDAPEST TREATY ON THE
| NTERNATI ONAICEHS- RECOGNI TI ON OF THE
DEPCSI T OF, M CROORGANI SMS FOR THE .

:DUNTRECRBNE'?I S%AEAELE PR%E%%EE@@%Z% keratinocyte cell line according to Claim 1 which

expresses collagenase type 1 and TNF-a when treated with phorbol esters.

12. An improved method for immortalizing human skin cells to obtain
immortalized keratinocytes and melanocytes comprising the following steps:

$)) obtaining a human skin tissue sample;

(ii)  preparing said skin sample for culturing in vitro;

(iif) obtaining keratinocytes and/or melanocytes from said prepared skin
sample and seeding said keratinocytes and/or melanocytes into a serum-free
growth medium, onto culture plates provided with a coating comprising
fibronectin, type 1 collagen and BSA which facilitates cell attachment and growth;

(iv) changing the medium as necessary to optimize confluent growth of
the cultured cells while continuously maintaining the coating on the culture plates;

(v)  transferring the keratinocytes or melanocytes into a serum-free
selection medium onto similarly precoated culture plates;

(vi) infecting the keratinocytes or melanocytes with a retroviral

25

construct;
(vii) transferring the resultant immortalized keratinocytes or melanocytes to
a serum-free proliferation medium suitable for proliferating immortalized
30 keratinocytes or melanocytes onto similarly precoated culture plates; and
(viii) transferring the resultant proliferated keratinocytes to a serum-free
differentiation medium, which contains high calcium onto similarly precoated
culture dishes.

35 13. The method of Claim 12 wherein the retroviral construct is the SV40
construct pLXSHD+SV40(#328) or the HPV16 construct pLXSHD+E6/E7.

* [ L M s *




Reasp. des Brevets AV. Nestle CH- 1800 Vevey
RECEI PT I N THE CASE OF AN ORG NAL DEPCSI T
issued [err] to Rule 701 by the

| NTERNATI ONALY7TEBEI2S| TARY AUTHORI TY PCT/EP96/05812
identified at the bottom of this page qg L I DENTIFICATION OF THE
M CROCRGANI SM I dentification reference given by the DEPCSI TOR

Acessi on nunber given by the

| NTERNATI ONAL DEPCSI TARY AUt HORI TY:  FK2- NR passage 22

DSM ACC2240 1 SCI ENTI FI C DESCRI PTI ON AND/ OR PROPOSED TAXONOM C

DESI GNATI ON The [err] identified under 1.above was acconpained by

(X) a scientifi cégesc ption porposed [err] designation

(MarkA WTH a cr deamgihnd efithecClaim bi M hereinthe serim- RSCRRENADED step

Thi s i nt er ndii) &NR-Bepediuhar y Authority accepts the m croorgani sm
I dentified under 1, above,which was received by it on (Date of orginal
deposit)’s | V. RECEI PT OF REQUEST FOR CONVERSI ON The m croorgani sm

i dentified under13. abdhe methodexfeCladnh 1% wihersini the neditimimstePEppisstharRoB
(date of or%l Bﬁlm%‘?ﬁﬂéi\fﬁ-ﬂgﬂ?&m}?above was recative by this International
ut hor ate ' '

Depositary Ity on of " orginal deposit) and a request to
convert the orginal dep05|t to a deposit under the [err] Treaty was

received by it opg(dafeGhetyebP Clfim 120WdRTeihOhel Sotiferation medium in step

(vit) is the NR-2 medium or the NR-3 medium and M2 medium for melanocytes.

17.  The method of Claim 12 wherein the differentiation medium in step
(viii) is the NR-2 medium or modified MCDB 153 medium which contains a
calcium content of at least 1.5 mM. -

t 18. A novel serum-free culture medium suitable for isolating and
producing human keratinocytes and melanocytes which retain the ability to
differentiate and to express proteins and enzymes of differentiated human
keratinocytes and melanocytes even after high passage which comprises: amino
acids or amino acid salts; inorganic salts; vitamins; adenine, ethanolamine,
glucose, HEPES, phenol red, putrescine 2HC}, thioctic acid, thiamine HC],
thymidine, epidermal growth factor; insulin; hydrocortisone; transferrin;
phosphoethanolamine; and bovine pituitary extract.

20

25 19.  The medium of Claim 18 which further contains epinephrine. -
20. The medium of Claim 19 wherein the epinephrine concentration is
sufficient to enhance growth of keratinocytes.

21.  The medium of Claim 18 wherein the amino acids contained in the
medium are selected from the group consisting of L-alanine, L-arginine-HCI,
asparagine-H,0, L-aspartic acid, L-cysteine-HCI-H,0, L-glutamic acid, glutamine,
glycine, L-histidine-HCI-H,0, L-isoleucine, L-leucine, L-lysine-HCl, L-
methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan,
35 L-tyrosine, L-valine and salts thereof.
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V. | NTERNATO NAL DEPO STARY AUTHORI TY Narme DSM DEUTSCHE SAMMUNG VON
[err] (S)” of person(s) having th power to represent the

M KROORGANI Sw@B7epdd2 ZELLKUKTUREN [err] Address: [err] Weg | bPCT/EPI6/0S8IRr e
Rol e 6A (d) applies date to [err] date_on which the sunms of international
depositary authority was acquired. FPo&? DSM BP/ 4 (Sol e page) 07/94

WO 97/ 23602

PCT/ EP96/ 05812 36 5 1.
An imortalized human keratinocyte cell line or nelanocyte cell line

which retains the ability to differentiate and to express proteins and
enzynes whi ch are expressed by normal differentiated keratinocytes or

mel anocytes even 22. aThemediym pidSays 1% whersuesaid inorganic saltg are selected
An i mmortali Zﬁ&nkﬂfeag}dlng;3ébﬂsﬁﬁﬁ g df %n?&ﬁﬁfrf“rﬂ& %haQa?é ”&ﬂ'xgﬂ%ﬁﬂ]%olgbdate,

said cell line, ex Kerat]n protelns and ot prot'el n
expressed Ry calcmnhg lendeyi qupaicesitliate o demrisy a‘ehfh‘@cyv@esmm chloride, nmnganege

i mmor tal i zed dhesride, ﬁﬁﬁkélesﬂﬂtk bﬁ@s:ﬁﬁ?@hﬂirmk t%dﬂrﬁ'dﬂe?at&’“%cﬁhﬂ: bicarbSAate,
keratin proteins |n~:~1’f ; Ker K1/ 18 rbatl n K14 and sald f mpr of el n}
i ncl ude i nvolSQEMT, chlpnidgysp ugh PhospRate; (ibasic, sodiurm pygivate, gpdium sslenite,

i or t al i zed sbdiuah istliuayé, almelhlbnkiemadmnosdlfm@. to Claim1 wherein

23,  The medium of Claim 18 wherein the vitamins are selected from the
group consisting of d-biotin, d-calcium pantothenate, choline chloride,
cyanocobalamin, folic acid, i-inositol, nicotinamide, pyridoxine and riboflavin.

10

24, A novel serum-free medium for isolating, producing and/or
maintaining immortalized keratinocytes and/or melanocytes which is selected from
the group consisting of the NR-2 medium, the NR-3 medium and the NR-4
medium.

15

25.  An improved assay which uses differentiated keratinocytes and/or
melanocytes wherein the improvement comprises using immortalized

20
keratinocytes and/or melanocytes according to Claim 1.

26.  The assay of Claim 25 wherein the cells are selected from the group
consisting of DK2-NR (DSM ACC2238), DK3-NR (DSM ACC2239), DM2-NR
(CNCM I-1796) and FK2-NR (DSM ACC2240).

[
L

27. The method of Claim 24 wherein said assay is an inﬂa_mmation
assay.

28.  Animproved assay which uses primary melanocytes or keratinocytes
wherein the improvement comprises using primary melanocytes or Keratinocytes
obtained according to Claim 12 (iii).

30

29.  The assay of Claim 28 wherein said assay is an inflammation assay.

35
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said immortalized keratinocyte cell line exhibits a CYP450 profile which is
20 tdentical or substantially identical to that of normal differentiated

ker ati nocytes. 5. An imortalized keratinocyte cell |ine
accor di ng V& W34 4 wherein said cell line expresses CYP4EEFPI%813Cc
2E1 and 3A5 but does not express CYP450 1A2, 2A6, 2B6 and 2D6. 25

6. An imortalized human kerati nocy®8 cell line according to Claim1l
whi ch is produced under serumfree conditions wthout the use of feeder
cells. 7. An imortalized human nel anocyte cell line

according to Caim1l1 30 which is produced under serumfree conditions
w t hout the use of feeder cells. An SV40 T- Anti gen

8.

immortalized hu skin,cell 1 e r 0 c LS f
t he keratinocyt ren;rﬁ nes'QBKSljpaﬁé‘%égg K E %ﬁmd whcl\lélgg?Dglls/le A g??gé)rﬂ%}]tg
FK2- NR ( DSMCATRZISs)using) as e @rrRAd SHR USShe PIEnasypkatineqytss r meignocytes
WO -97/ 23602 produced according to Claim 12 (iii). '

PCT/ EP96/ 85812 37 ' 9.
An imortalized keratinocyte 'cell line according to Cdaim1 which
expresses nMRNA encodi ng gl utat hi one-S-transferase GST-[err], GST-[err]. and
GST-[err] 10. An imortalized keratinocyte cell line
according to Caim1 which when cultured in organotypic culture forns
a highly stratified and pol ari zed epi t hel i um having cornified
superficial layers in the absence of serum or feeder cells. 10

11. An i@mortalized keratinocyte cell line according to Claiml which
expresses col | agenase type 1 and TNF-a when treated wi th phorbol esters.

12. An inmproved nethod for immortalizing human skin cells to obtain 15
immortalized keratinocytes and nel anocytes conprising the foll ow ng steps:
(1) obt ai ning a human skin tissue sanpl e; (ii) preparing said

skin sanple for culturing in vitro;

15

20
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(1i1) obtaining keratinocytes and/or nel anocytes from said prepared skin

sanpl e and seedi ng sai d keratinocytes and/or nel anocytes into a serumfree
20 growt h rWei%@B63nt o cul ture plates provided with a coati ngPCEmPOE/65:Y
fibronectin, type 1 collagen and BSA which facilitates cell attachnment and

gr owt h; (iv) changing the nedium as necessary to optim ze
confl uent growth of the cultured cel L‘s ::j‘mi | e continuously maintaining
the coating on the culture plates; / (v) transferring the

kerati nocytes or nmelanocytes into a serumfree 25 selection nedi um onto
simlarly precoated culture plates; (vi) infecting the

kerati nocytes or nelanocytes with a retroviral construct;

(vii) transferring the resultant immortalized keratinocytes or nel anocytes
to a serumfree proliferation nediumsuitable for proliferating
immortalized 30 keratinocytes or nel anocytes onto simlarly precoated
culture plates; and (viii) transferring the resultant
proliferated keratinocytes to a serumfree differentiation nedi um

whi ch contains high calciumonto simlarly precoated cul ture dishes.
35 13. The nethod of Claim12 wherein the retroviral construct is
t he Sv40 construct pLXSHD+SV40(#328) or the HPV16 construct

pLXSHD+E6/ E7. WO 97/ 23602

PCT/ EP96/ 05812 G 38 14,
The nmethod of the Caim 12 wherein the seTdmTree mediumin step (i)
i's NR-3 nmedi um RELA‘”VE CELLLS. The nethod of Caim 12 wherein the nedi um
in step (v) is th u nedlumor the NRlerr] medi um 16.
The net hod of C a| m reipn the proliferation mediumin step 10 (vii) is
the NR-2 medi um or “1@ lel]fﬁmlmsSa@d M2 nedi um for mel anocyt e§.
17. The nethod of g 12 wherein the differentiation ne swap
(viii) is the NR-2 negl) or nodi fied MCDB 153 nedi um whi c }
cal ci um cont ent of ataﬂgbst 1.5 MM

70
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15 18. A novel serumfree culture nmedium suitable for isolating
and produci ng human kerati nocytes and nel anocytes which retain the,
ability to ifferentiate and to express proteins and enzy &
differenti ald kerati nocytes and nel anocytes even a??i@ﬁ ?&ﬁ'z
passage which conprises: amno 20 acids or amno acid salts; inorganic
salts; vitam ns; adenine, ethanol am ne, gl ucose, HEPES, phenol red,
putrescine 2HCI, thioctic acid, thiamn , t hym di ne, epi der nal
grow h factor; insulin; hydrocortisone; transferrin;

phosphoet hanol am ne; and bovine pituitary extract. 25 19. The
medi um of C aim 18 which further contains epinephrine. 20. The
medi um of Cl aim 19 wherein the epinephrine concentration is sufficient
to enhance grow h of keratinocytes. 30 21. The nmediumof C aim18
wherein the am no acids contained in the medi um are sel ected fromthe
group consisting of L-al anine, L-arginine-HJ, aspar agi ne- H20,
L-aspartic acid, L-cysteine-HCl-Herr]O, L-glutamc acid, glutam ne,
glycine, L-histidine-HO-Herr]O L-isoleucine, L-leucine, L-lysine-HC, L-
met hi oni ne, L-phenyl al anine, L-proline, L-serine, L-threonine,

L-tryptophan, 35 L-tyrosine, L-valine and salts thereof WO

97/ 23602 EcoRI. Hpal. XhoI BamHi PCT/ EP96/ 05812
39 22. The nedi um of Crakg 18.wherein said inorganic salts
are selected fromthe group consisting of ammoni um netavanadat e,

anmoni um nol ybdat e, cal ci um chl or | ogb 3" sulfate, ferric sulfate,.
magnesi um chl ori de, nmanganese pg;' , & sul fate, potassium
chloride, sodium acetate, sodi upg# carbonat e, @8 um chl ori de, sodium
phosphat e di basi c, sodi um pyr ygs lsodlun1selen|tt?%l§§k sodium silicate,
tin chloride and zinc sul fatg hIR TheSYGHT udof C ai m 18
wherein the vitam ns are selgtted fron1the gr oup conﬁ:stlng of

d-biotin, d-calcium pantothghate, choline chloride, c¥Rnocobal ami n
folic acid, i-inositol, nidggtinam de, pyridoxine and r|bo‘§aV|n
pLYSHO+ SVLD. #328 ~ &
8690 bp
pBR322 '
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24. A novel serumfree nedium for isolating, producing and/or 15

mai ntai ning i mMmortalized keratinocytes and/or nel anocytes which is sel ected
from t hAVQPUWSO2Lonsi sting of the NR% dium the NR-3 nedGCHEBHPOBKe
NR- 4 medi um 25. An inp d assay whi ch uses
differentiated kerati nocytes and/or 20 nel anocytes wherein the

i nprovenent conprises wusing immortalized kerati nocytes and/ or

mel anocytes according to Cdaiml. 26. The assay of Claim 25
wherein the cells are selected fromthe group consi sting of DK2-NR (DSM
ACC2238), DK3-NR (DSM ACC2239), DMR2-NR 25 (CNCM 1-1796) and FK2-NR ( DSM
ACC2240) . 27. The method of Claim 24 wherein said assay is an

i nfl anmati on assay. 30 28. An inproved assay which uses
primry %o Es or keratinocytes wherein the inprovenment conprises
usi ng pri % nocytes or keratinocytes obt ai ned according to Caim
12 (iii). 29. The assay of Claim28 wherein said assay is an

i nfl anmati on assay. 35 WO 97/ 23602

PCT/ EP96/ 05812 40 30.

An inmproved skin grafting nmethod wherein the inprovenent conpri ses
using as the grafted skin tissue primary kerati nocytes or nel anocytes
produced according to Claim12 (iii).

0/7804 860
Bam Hi Nco i
j E6 E7 '
' N -
N
7670
Cfo | Bam Hi
Nco liCfo |
l T4-DNA Polymerase + dNTPs
Ligate into Hpa I-cut pLXSHD
Accl
Cfol E6 E7 780

Nco |

Acct
4260

Hpal
1650

‘pLXSHD E6/E7
7468bp

SUBSTITUTE SHEET (RULE 26)



10

15 20 25 30

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

C12N 5/08, 5/00, 5/22 Al

(11) International Publication Number:

(43) International Publication Date:

WO 97/23602

3 July 1997 (03.07.97)

(21) International Application Number: PCT/EPS6/05812

(22) International Filing Date: 19 December 1996 (19.12.96)

(30) Priority Data:
08/576,483 , 21 December 1995 (2i.12.95)/ us
y,

L

(71) Applicant (for all designated Statgs except US): SOCIETE DES
PRODUITS NESTLE S.A/{CH/CH]; P.O. Box 353, CH-
1800 Vevey (CH‘)/«

(72) Inventors; and

(75) Inventors/Applicants (for US only): BAUR, Markuy[‘DPJCH],
Avenue de France 9, CH-1004 Lausanne (CH). MACE,
Catherine {FR/CH]; Grande-Rue 33, CH-1095 Lutry (CH).
MALNOE, Armand/{FR/CH}; Montaubion-Chardonnay,

CH-1041 Dommartin (CH). PFEIFER, Andrea, M., A.4

[DE/CH]; Route de Fenil 16A, CH-1806 St-Légier (CH)
REGNIER, Marcel!//[FR/FR], 21, rue d’Oslo, F-75018
Paris (FR).

(74) Agent: GROS, Florent; Société des Produits Nestlé S.A., P.O.
Box 353, CH-1800 Vevey (CH).

{81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
CA, CH, CN, CZ, DE, DX, EE, ES, FI, GB, GE, HU, 1L,
1S, 1P, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV,
MD, MG, MK, MN, MW, MX PL, PT, RO, RU,
8D, SE, SG, 81, SK, TI, T, TR, TT, UA, UG, US, UZ,
VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian
patent (AM, AZ, BY, KG, KZ TI, TM), European
patent (AT, BE, CH, DE, DK, ES, Fi, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), patent (BF, BJ, CF, CG, CI,
CM, GA, GN, ML, MR, NE, SN, D, TG).

Published
With international search report.

(54) Title: IMPROVED IMMORTALIZED HUMAN SKIN CELL LINES AND NOVEL SERUM-FREE MEDIUM USEFUL FOR THL

PRODUCTION THERE(‘);v

(57) Abstract

The present invention relates to improved continuous (immortalized) cell lines, in particular keratinocytes and melanocytes derived
from normal human skin tissue. The present invention also relates to novel serum-free media for isolating, producing and mamtammg
said improved continuous keratinocyte and melanocyte cell lines. The present invention also relates to methods for producing primary
melanocytes and keratinocytes under serum-free conditions without any feeder cells.




