; " #PYe3e#CH<<=@ AC6NCTCU Descri ption Novel transformed cell, nethod for
screeni ng anti-aging agent, and anti-agi ng agent Technical Field This

invention relates to a novel transforned cell, a nethod mmmmmmmmmmm g an
anti-agi ng agent and an anti-agi ng agent . Background of m
Cel I ul ar senescence is conditions under which a cell that shaggissh orlglnally
carry out cell growh cannot performcell division in response to growh

stinul ation. A senescent cell is characterized by its IargIMNmEmmmmmMF
and a cellul ar senescence-speci f pesc¥-igaliaet osi dase (sene at ed
(3-gal act osi dase~ SA-~i -gal actosidase) activity. In addition #tdoooz*

nor phol ogi cal changes, the cellul ar senescent cell (senescent cell) shows
characteristic changes in the gene expression patterns and the |ike. There

are many NeAwSesrihkeriedaar cabtHbarf Sepegeentay. arfor - xanglagerityman
normal fibroblast is a cell nost generally used in the studies on cellular

senescen%@dIdhﬂﬁ;d@mn@1gdgﬂtcelIular senescence i s induced when this is
exposed to ionizing radiation or cultured under a high oxygen parti al
pressure. 1 Al'so, in recent years, it has been reported that cellul ar
senescence is rapidly induced after about 1 week when an activated oncognic
RAS i s expiessieth byifadrace in human normal fibroblast. However, the cellul ar
senescence nost thoroughly studied is a cellular senescence by the
replicative life span (tel onere-dependent) in which a normal cell reaches
an aging cell after a finite nunber of cell divisions. Since the cellular
senescence gendhdtsednlrgnthese rdilibfterserntc eanse=lf itmanlsyf osirads adid ;s are
phenotype, it is considered that it occurs by the same nol ecul ar nmechani sm
but its dettdidésfar ecmeenthgan anti-agingagentandananti-agingagent.

Background of the Invention

Cellular senescence is conditions under which a cell that
should originally carry out cell growth cannot perform cell
division in response to growth stimulation. A senescent cell
is characterized by its large flat nucleus and a cellular
senescence-specific P-galactosidase (senescence-associated
B-galactosidase; SA-f-galactosidase) activity. Inadditionto
morphological changes, the cellular senescent cell (senescent
cell) shows characteristic changes in the gene expression
patterns and the like.

There are many causes which trigger cellular senescence.
For example, human normal fibroblast is a cell most generally
used in the studies on cellular senescence. It is known that
cellular senescence is induced when this is exposed to ionizing

radiation or cultured under a high oxygen partial pressure.



The cel l ul ar senescence based on the replicative life span is a phenonenon
in which a normal cell becones senescent cell after a certain nunber of
cell divisions which vary depending on the kind of the cell. In the case of
the nost frequently used human nornmal fibroblast, a fetal cell shows an
agi ng phenotype after about 60 to 80 tines of cell division. This
phenonmenon was reported by Hayflick in 1962. However, it has been uncl ear
for a long tinme that intracellular mechani smof the recording of the nunber
of cell diMis) ons.rddeneceddryeats, hat basnbeeposhednthbat cBNAudepl i cati on
of the chronosomal termnal telonere is not conplete due to the so-called
"end replsapds@n s obd endpidig ihéutedoatter| ebgth 1swebir wbeedahr om about
50 to 200 base pairs per cell division, and that a cellular senescence is
i nduced vdeni tdit sd Srardgni nRAedchegpiries siehr bghbbdc@ invahmen rdomeavker, it
is not clear that in what manner the cellul ar senescence occurs by the
shorteni nfiilofobdotrere | engt h and whether or not its nol ecul ar nechanismis
identical to cellular senescence caused by other causes. On the other hand,
MAPK (M t ogen- axtwersdredtpe atediluildmasedspanbeanoststhorasghdy stfugtredei n
ki nases which exist in the cytoplasmand are activated by the intracellul ar
and extraceld utallslanusenasdenberkepytphosphbighbiveahdfacsipeat e downst r eam
i nactive protein kinases. The final target kinase MAPK phosphoryl ates and
act i vat es(tee speet ¢ tdependant ] pin ovhfecteonoraad thélceébchespandsgimosti nuli
t hrough the induction of the expression of a group of genes by the
transcri ptebh d8cenra Theitupsnumberkbhaselwhiiciphosphoryl ates the final
target kinase MAPK is called MAPKK ( MAPK2K), and the upstream ki nase whi ch
phosphoryl at es Simeceaftdyee et whiay IMRGCERCE af ¢ MPEKKKRY (WAPKSK) . Two or
more of the MAPK pathway are present, and MAPK, MAPKK and MAPKK are known
as each cﬂliff}%ﬁ@ng’h@a@wa%sft%@lmwhﬁﬂﬁh‘\%é? fAMEhPREaBO§YBEovérited Sand
anal yzed earljest in the history conprises Raf-Mk-Erk, and it responds to
mai nly ex@RebReneArthat il ccuis PYashgr tithh MPIECHL 2dnfeehanl SRe Al i s
activated via_ Ras, PD98059 is known as a specific inhibitor of Mek. On the
ot her hantts JARE2ELIUATRFRRFNFH8RT ki nase) and p38 protein are known as the
MAPK whi ch is induced by cytokine of tunor necrosis factpr_éTNF) an t he
like that indud@&tGRSN LY SERPTTREE LA, o1 H a8 LRl MEPIAKE B INK
and p38 protein 3 _ are not single, but two qr of themare
respect | VG Krib@nPhERSBSBED 18 WL 04 TEdn 6 Mt REPRRS SHEFTFRAT | y
inhibits the fupction of the p38 protein d.t.is known.that this
conpound FhnE b £ S br UCEF B R URRPFaffmEs Ry S3VORIAGS MR SH SN 1,
interl eukin-6, ;interleukin: r _INF,_.an erefore |s f eutic
agent of ?%??%%%%90?9 gﬁ%egggg ?§C£5%/g§g33)%¥lé%é ~e éié% éhérﬁ%QP
frequently used human normal fibroblast, a fetal cell shows

an aging phenotype after about 60 to 80 times of cell division.
This phenomenon was reported by Hayflick in 1962. However, it
has been unclear for a long time that intracellular mechanism
of the recording of the number of cell divisions. In recent
years, it has been shown that DNA replication of the chromosomal
terminal telomere is not complete due to the so-called “end
replication problem”, and the telomere length is shortened from
about 50 to 200 base pairs per cell division, and that a cellular

senescence is inducedwhen this shortening reaches its threshold



Di scl osure of the Invention Inventors of the present invention have
conducted intensive studies on the cause of generating cellular senescence
and found that the p38 MAPK pathway takes a direct role in the cellular
senescence i nduced by two or nore causes . Though the p38 MAPK pat hway has
been known as a MAPK pat hway which i nduces stress or apoptosis as descri bed
in the above, its relationship with cellular senescence has been conpletely
unknown. In addition, the inventors of the present invention have al so

found baseduen théwetebdiing § hat stwdr ahgenm endt mgnihesr eheicetidiulashi ch can
activate p38 protein by its phosphorylation is introduced into a young

cel |, celdetediceIRNEHANGE (AN thee K onimgusedt é Tomdwes af engvrnahaned
juvenile cell. The novel senescent cell obtained in this nmanner can be

pr epar ed wMdthetr ar Sl &t paid st 0fart nBehiah icanpaibean iviatht & cedtlurlalr
senescent cell obtained via scores of tinmes of natural division, and is

mar kedl y disefsderide cansdddidiy netescraesesig 4 system for anti-aging
agents. In addition, the inventors of the present invention have al so and

new y found thah &hknowheirnhiabid, oMAPK (MR qurent-aiat istedvesd gntd tesigi ng
activity upon the aforenentioned novel senescent cell and natural senescent
cel | . Theinmasant ipptHwapased aastdeeke ofi pdiotgsin kinases which exist

in the cytoplasm and are activated by the intracellular and

extracellular stimuli and thereby phosphorylate and activate

downstream inactive protein kinases. The final target kinase

MAPK phosphorylates and activates a specific transcription

factor, and the cell responds to stimuli through the induction

of the expressionof agroupof genesbythe transcription factor.

The upstream kinase which phosphorylates the final target
kinase MAPK is called MAPKK (MAPK2K), and the upstream kinase
which phosphorylates the aforementioned MAPKK is called MAPKKK
(MAPK3K) . Twoormoreof the MAPK pathway are present, and MAPK,
MAPKK and MAPKK are known as each of them.

The classical MAPK pathway which was discovered and
analyzed earliest in the history comprises Raf-Mek-Erk, and
it responds to mainly extracellular stimuli, such as growth
factor and the like and is activated via Ras. PD98059 is known
as a specific inhibitor of Mek.

On the other hand, JNK (c-Jun N~-terminal kinase) and p38
protein are known as the MAPK which is induced by cytokine of

tumor necrosis factor (TNF) and the like that induce stress

and apoptosis. Also, the MAPKK and MAPKKK of JNK and p38 protein



An object of the invent ionis to provide a novel transformed cell useful

I n constructing a screening systemfor anti-aging agents, a screening
system capabl e of using the sane and an anti-agi ng agent. More
specifically, an object of the invention is to provide a novel transforned
cell in which a gene coding for (a) a protein capable of phosphorylating
p38 protein, or (b) p38 protein, a nmutant of p38 protein, a kinase domain
of p38 protein, a kinase donain of p38 protein nutant or a fusion protein
cont ai ni aget hetd i g ransher twd drmiora oitiem aeélreshex: iasiot kaowabj ect of
the invention is to provide a nethod for screening a conpound, which
conprises ( 1 yBaostep fier kabkwawiarsg aa coapominds emdste rpecealfii aarl lay nor mal
cell introduced with a gene capabl e of inducing cellular senescence to
cont act winhhd tsubbkanaect bohe ff ¢hkeed3 8 aprbf@)n a sstceptf bs lamalry zihag an

aging index in the cell.
this compound inhibits production of inflammatory cytokines
interleukin-1, interleukin-6, interleukin-8 or TNF and

therefore isuseful a therapeuticagentofinflammatorydiseases

(WO 97/33883).

Disclosure of the Invention

Inventors of the present invention have conducted
intensive studies on the causeof generatingcellular senescence
and found that the p38 MAPK pathway takes a direct role in the
cellular senescence induced by two or more causes. Though the
p38 MAPK pathway has been known as a MAPK pathway which induces
stress or apoptosis as described in the above, its relationship
with cellular senescence has been completely unknown.

In addition, the inventors of the present invention have
also found based on this finding that when a gene coding for
a protein which can activate p38 protein by its phosphorylation
is introduced into a young cell, cellular senescence can be
rapidly induced in the aforementioned juvenile cell.

The novel senescent cell obtained in this manner can be
prepared within a short period of time in comparison with a
natural senescent cell obtained via scores of times of natural

division, and is markedly useful in constructing a screening




I'n addition, still another object of the invention is to provide an
anti-agi ng agent which conprises a conmpound 5 obt ai ned by the above
screening nethod and an anti-aging agent which conprises a p38 protein
inhibitor, as an active ingredients. Brief Description of the Drawi ngs Fig.
1 is a photom crograph which is a substitute for a draw ng, show ng the
presence or absence of (i-gal actosidase activity in a juvenile cell and a
senescent cell of human nornmal fibroblast W-38. Fig. 2 is a photograph

whi ch i s s&s$ebStolrutae tficla @ ndr aWignd.s .showi ng a result of western blotting
of each of the cell lysates shown in Fig. 1 using an anti-p38 anti body.

Fig. 3 is a graptaddiondyg, eeld igrentbrswieheopras¢nydmiventriedd have a
senescent cell of human normal fibroblast W-38 in
also and newly found that a known inhibitor for p38 protein
shows anti-aging activity upon the aforementioned novel
senescent cell and natural senescent cell. The invention is
based on these findings.

Anobjectof theinventionistoprovideanovel transformed
cell useful in constructing a screening system for anti-aging
agents, a screening system capable of using the same and an
anti-aging agent.

More specifically, anobject of the inventionis toprovide
a novel transformed cell in which a gene coding for

(a) a protein capable of phosphorylating p38 protein,
or

(b) p38 protein, a mutant of p38 protein, a kinase domain
of p38 protein, a kinase domain of p38 proteinmutant or a fusion
protein containing them
is transformed into a normal cell.

Also, another object of the invention is to provide a
method for screening a compound, which comprises

(1) a step for allowing a normal senescent cell or a normal
cell introduced with a gene capable of inducing cellular
senescence to contact with a substance to be tested, and

(2) a step for analyzing an aging index in the cell.

In addition, still another object of the invention is

to provide an anti-aging agent which comprises a compound



the presence or absence of a p38 protein inhibitor, SB203580. Fig. 4 is a
graph showing the ratio of S phase cell in a juvenile cell and a senescent
cell of human normal fibroblast W-38 in the presence or absence of a p38
protein inhibitor, SB203580. Fig. 5 is a graph show ng cell growth curve of
the transfornmed cell of the present invention in the absence [graph (a)] or
presence [graph (b)] of a p38 protein inhibitor, SB203580. Fig. 6 is a
graph showing the ratio of S phase cell in the transforned cell of the
present idpeninanbybyh EACD BNy skaingtmet ko .and ks anphod@imgraggraph whi ch
Is a substitute for a drawi ng, showi ng the presence or absence of
~3- gal actyasi dlassomgeiisd 4 ya i p38 herdteasf brvkldi tek) o8 asheaptésent invention.
Fig. 8 is a graph showing a result of the determ nation

ingredients.

Brief Description of the Drawings

Fig. 1 is a photomicroéraph which is a substitute for
a drawing, showing the presence or absence of B-galactosidase
activity in a juvenile cell and a senescent cell of human normal
fibroblast WI-38.

Fig. 2 is a photograph which is a substitute for a drawing,
showing a result of western blotting of each of the cell lysates
shown in Fig. 1 using an anti-p38 antibody.

Fig. 3 is a graph showing cell growth curves of a juvenile
cell and a senescent cell of human normal fibroblast WI-38 in
the presence or absence of a p38 protein inhibitor, SB203580.

Fig. 4 is a graph showing the ratio of S phase cell in
a juvenile cell and a senescent cell of human normal fibroblast
WI-38 in the presence or absence of a p38 protein inhibitor,
SB203580.

Fig. 5 is a graph showing cell growth curve of the
transformed cell of the present invention in the absence [graph
(a)] or presence [graph (b)] of a p38 protein inhibitor,
SB203580.

Fig. 6 is a graph showing the ratio of S phase cell in

the transformed cell of the present invention, by FACS analysis.



of (3-gal actosidase activity in the transformed cell of the present
invention. Fig. 9 is a photograph which is substitute for a draw ng,
showing a result of western blotting of the transformed cell of the present
invention. Fig. 10 is a photomi crograph which is a substitute for a
draw ng, show ng norphol ogi cal changes of the transformed cell of the
present invention by varied concentration of added tanoxifen. Fig. 11 is a
graph showi ng variation per day in the gromh ratio of the transforned cel

of the presentpigventignabyhyashedregnepnt waithnief aaddpdtt amri fem. Fig.
12 is a graph showi ng variation per day in the growh ratio of the

transfor%ﬁ&irgﬁhhgpfsﬂm Q3RNbrBYAREI 6P dBkdihe: pepegatactoahdasee of
added tanoxifen and PD98059. Fig. 13 is a graph showmng a result of the

quant i t atyic@n vaft W 3ngahrc tasindasarian tda It remsftor merkoaitt ofvértei gu esent
Invention in the presence or absence of added tanoxifen and

Fig. 8 is a graph showing a result of the determination
of B-galactosidase activity in the transformed cell of the
present invention.

Fig. 9 is a photograph which is substitute for a drawing,
showing a result of western blotting of the transformed cell
of the present invention.

Fig. 10 is a photomicrograph which is a substitute for
a drawing, showing morphological changes of the transformed
cell of the present invention by varied concentration of added
tamoxifen.

Fig. 11 is a graph showing variation per day in the growth
ratio of the transformed cell of the present invention by varied
concentration of added tamoxifen.

Fig. 12 is a graph showing variation per day in the growth
ratio of the transformed cell of the present invention in the
presence or absence of added tamoxifen and PD98059.

Fig. 13 is a graph showing a result of the gquantitation
of B-galactosidase in the transformed cell of the present
invention in the presence or absence of added tamoxifen and
PD98059.

Fig. 14 is a graph showing variation per day in the growth

ratio of the transformed cell of the present invention in the

presence or absence of added tamoxifen and SB203580.




PDO8059. Fig. 14 is a graph showi ng variation per day in the growth ratio
of the transforned cell of the present invention in the presence or absence
of added tanoxifen and SB203580. 7 Fig. 15 is a graph showing a result of
the quantitation of (3-galactosidase in the transforned cell of the present
invention in the presence or absence of added tanoxifen and SB203580. Best
Mode for Carrying Qut the Invention The present invention is described
below in detail. The transforned cell of the present invention can be

obt ai ned by i ntrigdutbngs aa gareecationdnjor {ajuht prbDitdien dvapdlite tofon
phosphoryl ating p38 protein, or (b) p38 protein, a nutant of p38 protein, a
ki nase deymift af1 3D AIRRI Nin alkd nasen stommed ofe PB& Hriohei preseant, or a
fusion protein containing p38 protein, a nutant of p38 protein, a kinase
domai n ofirpathtrat eim tre prdswmse donebsafcep3E pdstes T angtfien iand a
normal cell for transformation. The term "p38 protein"” as used herein neans
an enzymessBHOILSmNoner conprising a catalytic subunit of about 38,000 in
nol ecul ar wei ght, which is one of the serine/threonine ki nases and which
bel ongs to the MAP ki nase super famly carrying out intracellular signal
transduction. The host cell which can be used for preparing the transforned
cell of tBespriésdntfonvet rving aBubethe atnvertkomds of animal, and tissue
fromwhich it is derived and the nunber of cell divisions (nanely, whether
it is a young cell or senescent cell) , is not particularly limted with
the proviso that it is a cell which expresses p38 and from8 which

cel lul ar senesdire@nsaerfe inRiteibbyls mewduded kekpecini @dtyehe that can
be used in the present invention (by further allow ng an appropriate |igand
to perform t he Treadtians famabcehred . the RISkt iveeRrtienCeRahpl e, a

mammal -derived cell is ) _
obtained by introducing a gene coding for (a) a protein capable

of phosphorylating p38 protein, or (b) p38 protein, a mutant
of p38 protein, a kinase domain of p38 protein, a kinase domain
ofp38proteinmutant,oreafusionproteincontainingp38protein,
a mutant of p38 protein, a kinase domain of p38 protein or a
kinase domain of p38 protein mutant, intc a normal cell for
transformation.

The term “p38 protein” as used herein means an enzyme
of a monomer comprising a catalytic subunit of about 38,000
inmolecularweight, whichisoneof theserine/threonine kinases
and which belongs to the MAP kinase super family carrying out
intracellular signal transduction. The host cell which can be
usedforpreparingthetransformedcellofthepresentinvention,
as well as the kinds of animal, and tissue from which it is
derived and the number of cell divisions (namely, whether it
is a young cell or senescent cell), is not particularly limited

with the proviso that it is a cell which expresses p38 and from



desirabl e, and a mammual -derived normal cell is nore desirable. Exanples of
t he mammal - derived normal cell include normal cells (e. g., a nornal
fibroblast, a nornmal keratinocyte, a norrmal mammary gl and epithelial cell,
a normal vascul ar endothelial cell and the like) derived from human,
nonkey, nouse, rat or hanster. Al so as the aforenentioned host cell, it is
desirable to use a human-derived normal cell, and it is nore desirable to
use a human normal fibroblast. Exanples of the human normal fi brobl ast

i ncl ude, W38 dATGTa rCelenfscendRGdn (ATGRdUIEd 1Al )int MBfaSing & MR- 90

(ATCC, CCL-186). Also, the term"nornmal cell" neans a cell under a state
wi t hout eaRredrfdtddngeneaihby anebé sed nign etHd mirtes enitf é nypartiothdblyer a
cell is a young cell or a senescent cell can be expressed, for exanple, by

a unit "PrthBreal eswin&lh asprserises diigans tdeealforevilia reacdfiomopul ati on
doublings and used as a unit which shows the nunber of cell divisions so
far carriied matdednartyhe cell. In this connection, since the nunber of cel

di visions of each cell is generally different, PDis an average value in an
i ndi vi dual cel hsi tha loedt agrldyp foForxexpipl ez namndle dmsived dainards
fibroblast, the young cell generally neans a cell of 0O to 50 PD (preferably
9 a celdesdfrall «,0a48 PRpmmaiddere veenesceatl asdlll i gewrise desdltakdfe .60 to 80
PD (preferably a cell of 60 to 65 PD). As the host cell, both of the young
cel | and rsemgsicent £ délel namma bedesided inairmiatl ¢l Hesiclaldleene vnaseed young
cell capable of carrying out cell division (that is, a cell which is not
reachi ng tehey repl inoatmadn fibirekdpat ,ard nogapgilndetriad ialgidvitey to nedimalel y
performcell division). This is because the senescent phenotype which can
be rapi dimamizry géankly ephshgédieli ael ddue tiwmash Gias dydiagwensioghediiial
different fromthe phenotype before the gene introduction and can therefore
be easi | ycedlilstaintfﬁglt}h§hééike%/'héerht’fiédﬁé@mofhu@@he TN ey ¢ P W udet i9F
preparing the transfornmed cell of the present inventigon is not particularly
limted, sty aBlFe asstheqirr sirpnhiQuer BRsbdee by 1& b7 &eé%fpa%ﬁabl e of
phosphoryl ating p38 protein (to be referred to_as "p38 protein kinase"

her ei naf tter us€op PBRap3gdepigedi ROTRafuEahL  oRNPILL prHfgEe &S domai n
of p38 protein, a kinase donain of p38 protein nuta % or. a fusion protein
cont ai ni A LAEM biBapereErat rféé’ItQ?]é‘sSt"pB}éxﬁ?‘B%@F’rPg hg Rigravaq her eof "

e oy SRl oM S PRl 2kt 2 090 ALY PHERE] Y0 v
phosphor YIS BBEBHA Gl TG HEC BB VAPK pat hay: (a2) an MGG prot ei n
mutant or an N%E%oer%h%igegﬂtﬁﬁgrégl cell” means a cell under a state
without cancerating, namely a cell having a finite life span.
Whether a cell is a young cell or a senescent cell can
be expressed, for example, by a unit “PD”.
The term “PD” as used herein is the abbreviation of
population doublings and used as a unit which shows the number
of cell divisions so far carried out by the cell. In this
connection, since the number of cell divisions of each cell
is generally different, PD is an average value in an individual
cellinacell group. For example, inthe case of human fibroblast,

the young cell generally means a cell of 0 to 50 PD (preferably




which is a natural or artificial nutant of the MKK6 protein or MKK3 protein
(al) and in which the activity to phosphorylate p38 protein is maintained
or enhanced; (a3) respective kinase donmain of the MKK6 protein or MK3
protein (al) or respective kinase domain of the MKK6 protein mutant or IMKK3
protein nutant (a2); (a4) respective fusion protein of the MKK6 protein or
MKK3 protein (al) with a receptor |igand bi nding donain or respective
fusion protein of the MKK6 protein nmutant or MKK3 protein nutant (a2) with
a receptqy ddgansk indicg H@mHi,n;art Had)s grespentt \oe flusieam praoted Il of
respective kinase domain of the MKK6 protein or MKK3 protein with a
receptor d4 genckdigglipg geor@fera51y espesiiverfasi oo pEoPR) 0 of respective
ki nase donmain of the MKK6 protein nmutant or MKK3 protein nutant with a
receptor |iganggitmdi Rgsdorailn, cBotheo€i tied. ydunmd hiesl Hencot iguriesgertthe term
"phosphoryl ates p38 protein"” as used herein neans that it directly
phosphor yd&t B$ahhse p3@dpriveiin i4 selsfirabianpbes b whimpteol tnmpded MKK6
protein or MKK3 protein (al ) include MKK6 protein or MKK3 protein derived
froma msmedakeythg dwiredsl odikeys iomubtehat ats ora haiskt evhi clanis intot s
desirable to use human or nouse MKK6 protein or MKK3 protein, it is nore
desi r abl erd®chiseg tiameprl imadienVKKGe pspaeiandarke eptinigs tharab i byl 5o
desirable to use human MKK6 protein. For exanple, the region consisting of
t he am noa@cive! ¢peddfesmofe 11l diviisaon) he B3islisdiAtde pbeisdrarcentt he

ki nase domain in the case of the human MKK6 protein, and the region

consi st i nshafot yiee amiich @i e rregiidligsobt a f netvhgh Sgehetin 28oiuchosi t i ons
is the kinase domain in the case of the hunman MKK3 protein. Exanples of the
af or ement sloovenl KBy P& of ee att iy ideftf eore VKR Bopr i e ph emgttaipe bal2prendhede a
natural allele nmutant of the MKK6 protein or MKK3 protein, a nutant

prepar ed ggnarinficiwttion mrbdaci fjeaeforat Pereast buigh st krdiks ket i c
engi neering technique (e. g., site-specific nmutagenesis; Proc. Natl. Acad.
Sci. USA, 81: 5Be2imgedurdson aadetfieidh kan RBresed LnsPrappyéng, the
constitutive active type nutant in which the serine at the 207th position
(Ser 207)tnaas fareedidrl hof hee ANeFeRo iV {OMAs20a Y Bar tHe hahmY MKK6
protein are respectively substituted with glutamc acid (Gu; E) (Ml. Cel

. gl L
Biol ., 1&nitedy-3955009088)iEahShe ERBRPIPEFBJCABXSRFPEE of the
respective kinase domain (a3) of IMKK6 protein, K3 praotein or.a nmutant
t her eof include(@®) RUPERLRIKE FRAR S ﬁffﬁ%m?r%mw@p%gg Bré’g&ﬂlé‘n& O
consisting of the am no acigd residues of from r"hﬁ 53r.d Lo 314t h positions
in the hupRNTRKREIBROERI AS(pPaPePABFFLR KdRARCVKRETSHERETS T v a§ient

coTS o110, o oy FAuaee, £ONSL o LIBSL A6 AT pocgeh 1 gelduesaslytaom (he
e dues. BF HTORTOREL a5t P 2B OrH Iy £ FoReT R P AL WhRa" BF 608i n
gg;g{g{?2é¥9ﬁ89§§$§%ggigﬁﬁﬁCHE%J‘&i@BQEPéfSQPéa%&B%% QEB% Efgﬂgﬁﬁeor
a derivative thereof” hereinafter).
The p38 protein kinase (a) is not particularly limited
with the proviso that it can phosphorylate p38 protein, but
for example,
(al) MKK6 protein or MKK3 protein which is known as a
MAPK that directly phosphorylates p38 protein in the p38 MAPK
pathway;

(a2) an MKK6 protein mutant or an MKK3 protein mutant

10



12 acid residues of fromthe 35th to 269th positions in the human MK3
protein). The receptor in the respective fusion protein (a4) of the MK6
protein or MKK3 protein or a nutant thereof with a receptor |igand binding
dormai n, or respective fusion protein (a4) of respective kinase domai n of
the MKK6 protein or MKK3 protein or a nutant thereof with a receptor |igand
bi nding domain is not particularly limted, so long as it is a receptor

whi ch, when the aforenmentioned fusion protein is expressed in a host cell,
can acti yatiennet hemhagenstl but ang icarpenentutehtt b€ fthel MKKSr preite ife. 9.,
the MKK6 protein or MKK3 protein or a nmutant thereof, or respective kinase
domai n ofy vt MK B ey it @k ) cindVKK3wipt Ok &ilie aetaviruyard phbepeofr)y ltatreough t he
activation of the receptor (that is, binding of a ligand to the receptor

li gand bigsdi pg-ctemi n)s nfekarg asedfod henti@eepd or i nclude a steroid receptor
(e.g., an estrogen receptor), and for exanple, the ligand binding domai n of
a human estrogen3)ecepdOtt 1 ve xihegicodogansict thg MKKE peotriinoo atMKKY esi dues
of fromthe 282nd to 595th positions of the human estrogen receptor.

Exanpl es protidiar P38 )poet eespettavdekinaseveéod)n,of nMidad&KKb protEdd protein
(b2 ) a p38 protein nutant which is a natural or artificial nutant of the
p38 pr ot eiutail)omaMKKH? pto todi rphostpdror (a2 ) on ability of p38 protein (that
is, activity of p38 protein to phosphorylate its downstream protein) is

mai nt ai ned or dafor cedpkdtivihIusibnnase teedmaiof dhet NEKKS3® rortetiei myq bl ) or
ki nase domain of the p38 protein nutant (b2); (b4) respective fusion

protei n ofKkhendlipr otaln Wid) orre3foiprotbigamditindin® Jompih arrecept or
| i gand bi ndi ng domai n; and (b5) respective fusion protein of respective

ki nase doresipedthidre fm‘sudmpg@&epmopél bherMKE6 protelm migat of M
receptor |igand binding domain. Exanples of the aforenentioned p38 protein
(bl) i nclruche 38 murtendi adeérwiel & reme® beeniabanpd. hindhugedomabhk L nouse,
rat or hanster) , and it is desirable to use human p38 protel n. For

exanmpl e, the rdgiSon respsictiiviey fafs itce REATRIMAT TRtk Jfl%%ﬁﬁthe 24t h
to 388th positions is the kinase domain in the case of the humgn

protein. %(@rﬁp’i e tore MKB6 proteimm F ¥RES Dt oivréfth %?%‘ﬁ?t(’ﬁzl)lqaﬁtq ude a
natural allele mutant of the p38 protein, a nutant prepared by artificially
i nt r oducitignH HLIAANASR HIRARAC bl Y WA L gBRIAte IavR)f ﬁségﬁﬁalﬁs e (e.

, Site-specific muta ene5|s and the |iKke.
g- déﬁaln of the KK6 prgteln mutant or MKK3 protein mutant with

a receptor ligand binding domain
can be cited.

In this description, the term “phosphorylates p38
protein” as used herein means that it directly phosphorylates
the p38 protein itself.

Examples of the aforementioned MKK6 protein or MKK3
protein (al) include MKK6 protein or MKK3 protein derived from
a mammal (e.g., human, monkey, mouse, rat or hamster), and it
is desirable to use human or mouse MKK6 protein or MKK3 protein,
it is more desirable to use human or mouse MKK6 protein and
it is particularly desirable to use human MKK6 protein. For

example, the region consisting of the amino acid residues of
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Exanpl es of the respective kinase domain (b3) of p38 protein or a p38
protein nmutant include a human p38 protein fragnment consisting of a
sequence conprising the anmno acid residues of fromthe 24th to 388th
positions in the human p38 protein (preferably a human p38 protein fragnent
consi sting a sequence consisting of the amno acid residues of fromthe
24th to 388th positions in the human p38 protein). 14 In the respective
fusion protein (b4) of the p38 protein or a p38 protein nutant with a
receptor figanthdissidigdodatdith, positéspactisvehbukinaspradesin (15)thod
respective kinase domain of the p38 protein or a p38 protein nutant with a
recept or ¢agangt hinedibughado MEKS, prbeeahor endntheneeqy i e epirosi s simptof
particularly limted, so long as it is a receptor which, when the

af or ement tlonethfnusi o prideidués ekpfesserhe B athost eth meai @ictnyat e t he
p38 protein or a p38 protein nutant or respective kinase domain thereof, as
anot her cbfisthé Utimgs e odqrosment infthdecdssioh tprotmimgn tMflGUghratein.
activation of the receptor (that is, binding of a ligand to the receptor

| i gand bi ndi ng Edae I)s .o Extan | s memeritel orend pIEK 6 | picd telen anstantoi el
receptor (a. g . , an estrogen receptor). The nmethod for introducing an

i nt r oductMKK3 genet ¢ i onat okt (z2] | inelpdepariagurde aklbabd orvethttedf of the
present invention is not particularly limted and can be carried out using
a convent thaafk¥6 kpowhe fienert MEKs dptotehnneehndtaBkappepsrefl bive
conventional ly known gene transfer nethod include a nmethod which uses a
retrovirusr¢PEbciaNayl inbraduchey. a Ussabonoisougso: Kows) geretethod in
whi ch an adenovirus is used, a DEAE-dextrannmethod (Nucleic Acids Res., 11:
1295- 1308¢nqg88e)rlag¢@lqhmrqqm¢)5p§at e i st ekl pusegene eSO &/ r ol ogy,
52: 456-457, 1973) , a nmethod which uses a comercially avail abl e

transf ect Nehlr edapoht Scd.. §SA, FIGENIEH SHes 886 orbRddrehtkemar@BR t ur ed
by Roche Di agnostics), an el ectroporation (EVBQJ., 1: 841-845, 1982 and
the Iike. llBUStS@Eééeéygéhéoéléallﬁ&tﬂaﬁ 1%1‘51‘56 FrEeeTH taRpalt Whifh

phosphoryl ating p38 protein the kjnase_ do thereof or a fusjo rotein
cont ai ni nBe¥ Hetn aBrt}G%)z?)éthP%%éFhont ﬁ%e’Rln?Oo\gb Hofal it PRt RO 2 Brgl?;lgf usi on

t t th d t h f d Il of th
o1 osent. | Abebi BRSL ERPTUI(ERESghadcERosE sla?ld%%%ﬁa%%lgﬁ%r.eti abi li ty

1] d ke b
out col | BPSPEFbhVaLYHERF w@éw%mgipﬁgilﬁéﬁﬁwﬁé%i ERE WeLh-UGEeE  on. 1 n

thi t f f th t

used a5 (HEoLntrbB0CEPAA 0RE: FPORY RBRoREaPy BN BHE T nduction of & .
cel | ular senesaonas 10s At Ohd Ne JIOLEITO L PRELe " ESRREST (43020 g eact

upon the transf
protein, MKK3 protein or a mutant thereof include a human MKK6

protein fragment comprising a sequence consisting of the amino
acid residues of from the 53rd to 314th positions in the human
MKK6 protein (preferably a human MKK6 protein fragment
consisting of a sequence consisting of the amino acid residues
of from the 53rd to 314th positions in the human MKK6 protein),
and a human MKK3 protein fragment comprising a sequence
consisting of the amino acid residues of from the 35th to 269th
positions in the human MKK3 protein (preferably a human MKK3

protein fragment consisting of a sequence consisting the amino

12



Since the transforned cell of the present invention can be prepared within
a markedly short period of tinme in conparison with a natural senescent cel
obtained via scores of tines or nore of natural division, it is very useful
in constructing a screening systemfor anti-aging agents. The screening

met hod for the anti-aging agent of the present invention includes ( 1) a
step for allowing a normal senescent cell or a normal cell introduced with
a gene capabl e of inducing cellular senescence to contact with a substance
to be tesiad rasddles of Hram shep3boh amaléptimgoan tagnsgln ndex humarhe cel | .
Al t hough the cell which can be used in the screening nethod of the present
i nvent i oMKKS mrotmaim)icularly limted, so long as it is a cell capable of
expressing p38, exanples include a nornal senescent cell, the

af or ement i oned Theangicepted del kthandespecaistofued creldrogredpar (@d )by £
transformng a normal cell with a gene coding for (c) a protein positioned
at the upstd emROfproMARKK PMKKS praft eive op3& pattamy the madfamti df & he
protein positioned at the upstream of the MAPKK protein of the p38 pathway,
t he ki nass:gitaim ldfgatre bpnadtieigndpmail hi onedr aspediei upstusiaon @ attesl IVAPKK
protein of the p38 pathway, or a fusion protein containing them or (d) a
prot ei n Wi Oh ofc triesatees: itviee kp3@ sABKmpanhedytbe MKK6spootpiota MEker eof .
The introduction gene which can be used for the preparation of the above
transf or necbtoeld sr@Echu ttamit CHpries fnoittipareiceptan Yidamd béadisg dasagims it is
a gene which can encode (c) a protein positioned at the upstream of a MAPKK
protei n dfs nhé¢ P36t pathanyy ldmiftetht sof leme@ a5 bt el 5 apberepbpedhetcChhe
upstream of the MAPKK protein of the p38 pathway, the kinase domain of the
protei n pdsirn ithreed far emka tipsiede s 6PNt ie0 WRPKK HeFpeiessed LRe? g3 hat hway,
or a fusion protein containing them or (d) a protein which can activate
the p38 MM paem@stlvEHe pﬂ@%éﬁﬁ G i oHEn A EOMRENERSS o BRE 0TV S WAPKK
protern %Lotein (e.g., the MKK6 protein or MKK3 protein or a mutant

thereof, or respective kinase domain of the MKK6 protein or
MKK3 protein or a mutant thereof) through the activation of
the receptor (that is, binding of a ligand to the receptor ligand
binding domain). Examples of the receptor include a steroid
receptor (e.g., an estrogen receptor), and for example, the
ligand binding domain of a human estrogen receptor is a region
consisting of the amino acid residues of from the 282nd to 595th
positions of the human estrogen receptor.

Examples of the p38 protein or a derivative (b), include

(bl) p38 protein;

(b2) a p38 proteinmutant which is a natural or artificial
mutant of the p38 protein (bl) and in which phosphorylation
ability of p38 protein (that is, activity of p38 protein to
phosphorylate its downstream protein) is maintained or

enforced;
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of the p38 pathway is not particularly limted, so long as it is a protein
included in the p38 MAPK pat hway, which can directly or indirectly
phosphoryl ate the MAPKK protein of the p38 pathway, and its exanples

i nclude proteins such as MAP3K, for exanple, MK, MELK, A5K1l, TAK1, and
MIK1. In addition, the MAPKK protein of the p38 MAPK pat hway neans a
protein which phosphoryl ates p38 proteins such as MWK3, MW6 and MW4.
According to the present invention, the protein which activates the p38
MAPK pat hway i s(gmt kpaske @dmarilnyo f ithetes3B psotbongkds bt kiinazeptataim whi ch
does not belong to the p38 MAPK pat hway but activates the p38 MAPK pat hway,
and its exanph€splfchreeedncytioknoe (bRA) ¢h activates the p38 MAPK pat hway,
MAPKKK ki nases such as PAKL and GCK, a protein contained in the classical
MAPK pat hway, mpantreddwertciofe afus ifors ipao teriat efnshehpBéoprovéimhilch) Raf and
a fusion protein containing Raf can be cited as preferred exanpl es.

Al t hough dhepsaime totn patahe ulen) with aitedptexabplyesdbfindisagsddisa amece to be
tested which can be used in the screening nmethod of the present invention

i ncl ude canarerci ally avail abl e conmpounds, various conventionally known
conpounds, a group of conpounds obtained by the conbinatorial chem stry

t echni quesb$ Netesphedrior, 34108 3Dt&l730 f 188Pec tdviet kirasedomadmnaits) of

m croor gani snms, natural conponents derived fromplants and narine

or gani sneo frilap 38i sseiee ExtorapB 8, poyt cionpodads wbthiscdcbptomehi gandly or

bi ol ogi cally nodi fying a conpound sel ected 18 by the screening nmethod of
t he presebindnrgentiomainiAccording to the screeni ng nethod of the present
invention, the nethod for allowi ng a normal senescent cell or a nornmal cel

i ntroduced wi t lExayehes odh&beea 6o renentioged &3 baio tedmedbéhcEne budent act
with a substance to be tested is not particularly limted. However, for
exanpl e, PB88dwrinicderiig¢dolirony aadad {Ped subsiEibemPokBY / tBREEA/ to a
cul tured nedium of the aforenentjoned cell, by replacing a general nmedi um
(nanel y arabdiumelsiter )doaddndt icvhesiirabhe sapsiafv@apPh8 REQEeYY-with a
medium to which the substance to be tested was added in advance, .or by
addi ng t hBoafeFaMRHe i Gihed TE8Ilon GORSABALDM 25 T AP 25LAsT8tE e be
tested was added in advance . _ln this connectjon,. when a gene coding for a
f usi on pr@fefﬁomjFheazﬂEEeE?o?B?Ehu8%815§°?ﬁel§r%%%fE???ﬁg JemRID 1 5
necessary to induce_ce|lu]ar sen% cence prior to contacting with a

subst ancetf8 BaseesfedepPUBPPoRCAgPERE €dfor ement i oned receptor |igand to

h f d .l . di h I, hod h
or csont | nvent | BFETGHET R4 1S AU HeRE ST AL RD R A CSUBSPRERCt 656L ( ost ed
: vent | B R i Ae o :
cor 1 “or ahor P aart e ] ohbiett MTAEE ot L ban BBt TR hLe RECERFT Ll o

e g R R e R e

_ agrng - ndex-in orementi o case, It is
ol G e R R e Sl
mutagenesis) and the like.

Examples of the respective kinase domain (b3) of p38
protein or a p38 protein mutant include a human p38 protein
fragment consisting of a sequence comprising the amino acid
residues of from the 24th to 388th positions in the human p38
protein (preferably a human p38 protein fragment consisting

a sequence consisting of the amino acid residues of from the

24th to 388th positions in the human p38 protein).

14



senescence, which is not contacted with the substance to be tested, because
change in the aging i ndex becones nore clear . The term "anti-agi ng
activity" as used herein neans an anti-cellular aging activity, and the
term "cellul ar senescence"” neans a cellul ar senescence due to the span of
life of division, nanely arrest of cell gromh due to the span of |ife of
cell division. The aforenentioned "anti-cellular aging activity" includes,
for exanple, (1) a cellular replicative regeneration activity which

regener at es t henathé itespee tierd @dueioal broteisi@m)i nfatsens enpteanl which
| ost the cell division ability, and (2) a cellular senescence del ayi ng
activity othaghsglglrays iinometang watle eavkretkptoel 1igand $iondiaby diomainAs t he
"agi ng i ndex" which can be observed by the screening nmethod of the present

i nventi or irbspecRtepauision!@mrdtyein nidsedosar ¢ e asve tkiirsa sn domadx whi ch
shows the presence or absence, or the degree of cellular senescence, and
exanpl es gMeha @S scet bt @t weirha pBtsep r at ebn pludlaadi wiath eleegep odr dyitepldasm  a
change of an enzyne activity specific for cellular senescence, ratio of S
phase celdimtichd denbike thSpetfématt joneédreasptohadts hdk peelticglewtlly rate is
anal yzed as the aging index, it can be judged that the aforenentioned

subst anced itna teed,t et €cbrivasad hiet aind i a age oep aet iwhigh whemer heheel | growt h
rate after contacting with the substance to be tested beconmes quick in
conpari sarfordnters: icondd dhs(anagrogetelis ekbchsged ins hostcomt heta@d wit h

t he substance to be tested). In the case where a norphol ogi cal change of
cyt opl asmadtsiwrtadl yhedpd8 aieaigi oy &k proiteda nhbasytoplrespesttiye
senescent cell generally takes a flat norphology, it can be judged that the
af or enentkiorestk sighstianddanedfe taes taaw they va saritiutdgichFoamdnanty athen t he
flat cytoplasm beconmes thin after its contact with the substance to be
tested. Wienfastbamgetefinoethrpagh soecacehvatiepfitherggaptastithaly is

anal yzed as the aging index, éS-gaI act osi dase_can be cited as the cellular
senescendes spépifng ehayhbyand tchEheazrcsibere liganddp vt §9I domide| | ul ar

Examples of the receptor include a steroid receptor (e.g., an
estrogen receptor).

The method for introducing an introduction gene into a
host cell in preparing the transformed cell of the present
invention is not particularly limited and can be carried out
using a conventionally known gene transduction method.
Examples of the conventionally known gene transfer method
include a method which uses a retrovirus (Proc. Natl. Acad.
Sci. USA, 92: 9146-1950, 1995), a method in which an adenovirus
isused, a DEAE-dextranmethod (NucleicAcidsRes., 11:1295-1308,
1983), a calcium phosphate-DNA coprecipitation method
(Virology,§2:456—457,1973),amethodwhichusesacommercially
available transfection reagent (e.g., FUGENETM6 Transfection

Reagent; manufactured by Roche Diagnostics), an

electroporation (EMBOJ., 1: 841-845, 1982) and the like.
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senescence-specific enzyne (e.g., (3-gal actosidase) is reduced when
contacted with a substance to be tested in conparison with a control (a
senescent cell un-contacted with the substance to be tested) , it can be

j udged that the aforenentioned substance to be tested has the anti-aging
activity. In the case where the ratio of the S phase cell is analyzed as
the aging index, since the ratio of S phase cell is generally high in the
group of cells having active cell growth, when the ratio of S phase cel
after contacti mgndet  tfe@esustiancedro be tested beconmes high in conparison
with a control (a senescent cell un-contacted wth the substance to be
tested) , it cam)be jpudgednt kapaide affopemaphioarydd tsines tredic etk dien t est ed
has the anti-aging activity. Since a substance obtained by the screening
met hod oftid&ipreseddma v aid o thas 4=t pagiagnactnvatyingaitedny, a 21
Cel lular replicative regeneration activity and/or a cellul ar senescence
delaying aetivity, it is useful as the active ingredient of a cellular
replicative regenerating agent or a cellular senescence del ayi ng agent.
More speci fi cal(by, pBi8epsohetiancthebkanasd dyméhe sheeenf ngr rettholiaf t he
present invention has, for exanple, a p38 protein inhibitory activity or an
activity gootienin btdniea eihgl @ielsenescence signal transduction nol ecul e

whi ch constitutes the cellular senescence signal transduction cascade at a
down st r easnintroecpd8 nodtted hraffhfoamed cadilf tlyeptreskenthien yaTesicon,
invention contains a p38 protein inhibitor as the active ingredient.

Vari ous cospbuhals senesiceowe bs riaipd di381ipdeced mnichht biakorl 1 tandoiear ekanpl es

i ncl ude the pyrazol e conpounds described in WO 95/31451, the pyrimdine
conpoundsouteserdilbddivi nigw ig7 18383 3whete a fid hkepbddre abritldityi g Fat®RY ocyclic
derivatives described in WD 98/27098. As the conventionally known p38
protein iowt btebt sdiekahen eact hee ldebyRorasthexabgyengrt Fohedsgensss0
"4-[4-(4-fluorophenyl)-2-[4-(nethylsul finyl)phenyl]-1Him

dazol - 5- yintmdueken, SB220025, RW-68354, RPR-68354, RPR-200765A,

SC- XX906, HEP-689 (SB235699) and LL-Z-16402. Wth regard to the p38 protein
i nhi bitor as tH& Bet$ geNNeGtd@enthoR RN LRPFLIRGIHeF AdUsL CBPEHE It esent

invention, preferred is_a conpound represented by fornula (1) 22
with a receptor is used as the introductiongene, 1t 1snecessary

for the induction of cellular senescence to allow the
aforementioned receptor ligand to react upon the transformed
cell.

Since the transformed cell of the present invention can
be prepared within a markedly short periodof time in comparison
with a natural senescent cell obtained via scores of times or
more of natural division, it is very useful in constructing
a screening system for anti-aging agents.

The screening method for the anti-aging agent of the
present invention includes

(1) a step for allowing a normal senescent cell or anormal
cell introduced with a gene capable of inducing cellular

senescence to contact with a substance to be tested, and
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"2 1IN "N 4 [wherein RL is a pyridyl group which is optionally substituted
with one or two substituents independently selected fromthe group

consi sting of an al kyl group having from1l to 4 carbon atons, a hal ogen
atom an al koxy group having from1l to 4 carbon atons, an al kylthio group
having from1 to 4 carbon atons, an am no group and a nono- or di-al kyl
(the nunber of carbon atons of each alkyl nmoiety = 1 to 6)am no group: R2
is a hydrogen atomor an al kyl group having from1l to 10 carbon atons; R3
is a phenyl gropp whiebpi Soopahangkliygsubsbigingedndieh ioneHeo ddirlee
substituents independently selected fromthe group consisting of a hal ogen
atom an al kyl AgtRYRghatie@e I I amitht @arbbearseeni mtaess anskn {ERAEN¥OdRI is a
phenyl group which is optionally substituted with one or two hal ogen atons;
Yis -S 6% thRpesseMNRORkierRA drs ia hydrpgeni @t barby lamiatdy/ sgr dvpghavi ng
from1l to 10 carbon atons, R7 is a hydrogen atom a benzyl group or an

al kyl graupikavisng teom tapable odr baprateing pB8RGeannpRést dgetluge with
the nitrogen atomto which they are bound may form a si x- nenbered

het er ocyel hermbalgsshésbenptdeonh] |thdas carenentgemeat dmanRS drsnegh callky| group
having from1l to 10 carbon atons mis O, 1 or 2; and nis O or 1]. In

addi ti onand ahtragafdrhed tdel Jp P& epactesd byi hhabs formasgtdhecanta lveeildgr edi ent
of the anti-aging agent of the present 23 i nvention, a conmpound of the
af or enentwiahed fo@naulcmdin )forherein R is an unsubstituted 4-pyridyl
group, R2 is a hydrogen atom R3 is a phenyl group substituted with

-S(0) MR5 (wher éch aprestdinpoditamhe@dsa t $hanird tkydame 6 @ MBKK ppgotredm 1 to 4
carbon atons) and RO is a phenyl group substituted with a hal ogen atomis
pr ef er ablo€ thecpdpaeaithwingr e muttae ts olfs the vere t o ugsss i thi RBedmd Rihear e
bound at respective para-positions is nore preferable; a conpound wherein
R3 is a phrertyleagr ofp thebdaPKKterdohein o SCOREE (RifePsithwRy /i &heh kdnage gr oup
having from1 to 4 carbon atonms ) and R9 is a phenyl group substituted with
a fluori semgtionp fatbhl pFe kel mmnd idriced 6di fBeatpht FeaBte T thfp MEFKK
preferable; and a conpound wherein R3 is a phenyl group substituted with

- SOCH3 afd e irsod thieapy® Pgitdwg Yo uds & 138 Bor Rireh et Duer el RE B HieHirel y
SB203580) is particularly preferable. A cellular replicative regenerating
agent an®Xa cel l ul ar senescence del ayi ng agent are included in the

anti-agi ng agent_of the invention. Exanples the cellular replicative
regenerating adént d REPHETaWRSGHd aFrtéLg(?"itﬁé %‘@npg\ﬁh%ﬁ)%@@&lb@r%éi &F

restoration of, a vvourl_;je,d pﬁ{t; Cg,‘i’preventi ng and/or treating agent for
arteri os@ rosi® HIAtGCUIESY*Urterioscl erosi s obliterans) wherein fall out

d/ d . | ndot hel i al. |1 d the |j I h
Cause: & Or out RGBT oro PEaRL T LR RO S A UG LA AR : &
cause; a gr . PESHETET L VT i Fege ar
anen . | i BOPrEStent o O & A a) ef (R P E BRm ey "

recoveri ng 2 eq 29BN 01 senid & L nupodel bl oo A Lbgel | ke: & mucosal

epi t heli ummf unctlt on recoveri ng agen or a cnronic | anmat ory

gast 1ol nt e Lol sGe38 AN ey 1k G {0 00S pageior Al

toni c and t'he es of the ce ar senescence del ayi ng agent

| ncl ude. aff AilehhRsELehnsy S PLEME i R8RNbroBobh YSss THIGhEAE Gt T On

preventi ng agen epatic cirrhosis an he |1 ke; an anem a preventing

agent foruﬁq%%%%@ﬁ%&?let It ek o883 bMBUNLRY B Seludiinn pr aupntimagent for

t he aged I''ke; ‘a mucosal epithelium function reducti on preventing
agent forya i QF enkbnbLEPERE Q5 Ys DASER Ok e thidnabsdi-a8RASEf arKle MrpHi ke, and
an al opecia preventing agent, a hair tonic and the |iKke.

protein of the p38 pathway, or a fusionprotein containing them,

or

(d) a protein which can activate the p38 MAPK pathway.

The protein positioned at the upstream of a MAPKK protein
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The anti-aging agent of the invention can be prepared as a pharnaceuti cal
conposition in accordance with a general nethod using an appropriate
pharmaceutical carrier. As the carrier, various carriers widely used in
general drugs, such as an excipient, a binder, a disintegrator, a

| ubricant, a coloring agent, a taste nmasking agent, a flavoring agent, a
surfactant and the |ike, can be used. Dosage form of the anti-agi ng agent
of the present invention is not particularly limted and can be optionally
sel ect ed g thesSpaBsSatiwi el d meat pagtpwipesey Exaipkds socleme gmriant er al
preparations such as injections, suppositories and external preparations
(oi nt mentig a pAesiivel i BRdE@ LA pBE MARK bakkyayaemdstl saand neee llyi ke; and
oral preparations such as tablets, powders, fine granules, granules,

capsul es,or2bndi 56t bl § pPRGspRbllS ateUREMBPKKSrot ¢l npst Enepdfpatiboves, The

af orenenti oned various drugs can be made into pharmaceutical preparations
by gener alndretkodgamfExaspi sl wde garotieirss WiahhasaiAbeK usfeelr iexamgrld,ng or al
solid preparations such as tablets, powders, fine granules and granul es

i ncl ude aLrexeipllentagHbctTrae,, suod A$BK1sodi um chl ori de, glucose, starch,
cal ci um carbonate, kaolin, crystalline cellul ose, anhydrous dibasic cal cium
phosphat e, al gilm edatitdoar, the MARKK mrbtaderof simplmS SWARK o hoese
solution, starch solution, gelatin solution; polyvinyl alcohol, polyvinyl

et her, poalaadhylpmtraiol wiane, prossitooyyks bys eS8l proseinsseldhags Mty |

cel lul ose, ethyl cellul ose, sodium al gi nate, gum Arabi c,

hydr oxypnRd retdhwiMied | ul ose, hydroxypropyl cel | ul ose, water and/or ethano
solution thereof or the like);, a disintegrator (starch, alginic acid,

crossl i nked polApgomdingy rtrooltihao e e semds siniviedd: adar Féey srahA idehilds e

sodi um carboxynet hyl cel I ul ose cal cium starch sodi um gl ycol ate or the
like) ; aatelestes dom ol MPagatthway Highat ranti adiar 1y hiniHead,
ali phatic al cohol, cacao butter, a hydrogenated oil, a water-sol uble

pol yner, P gland jas pidt yirera e e el Pol9aas it R Q%O ;thf RdfSorpti on
enhanci ng agent (a surfactant such_ as a guaternary ammoni um salt, sodium

| auryl sUfARH pabhwagibil amt ivhbos é&@@%sgﬁPg@Waﬁg Ay i S(fapRIES

| act ose, kaolin, bentonite, silicic acid anhydride, hgdgous silic

di oxi de, Feghede ans i o wBLsY acEhYates Gy BaP JARRPRCRYRY, FBAF t he

i ke); and a |ubricant urified talc, stearate, a silicic acid

pol yet hyl iR2 ¢85 8BFh&S FPQ&FKH?p58§§§§§Rﬁ %%ﬂﬂ%&%tbgﬁ SR i nt o
general coating-treated %ablets such_as ar. coateg tablgts gglqg%n

coat ed t AWK Lathy@i PULaREs(treheaf 2 00 REF&4 Fabl et §°6¢

Var  ous CHTYER A BREDR PR BB L HE hove h T g Crg Raratgeratin

capsul es or éoft ﬁa sq&efésLiquid preparations may be water-sol uble or
0i | - sol ubPE® 5TspENsT ORSE “S0l uti ons, syrups or elixirs, and these can be

prepared in acconqance, Wil 2,&qmve N analy KNow 1751 hed, uskagpgeaes Al

additi ve agents.
the substance to be tested which can be used in the screening
method of the present invention include commercially available
compounds, various conventionally known compounds, a group of
compounds obtained by the combinatorial chemistry techniques
(Tetrahedron, 51: 8135-8173, 1995), culture supernatants of
microorganisms, natural components derived from plants and

marine organisms, animal tissue extracts, or compounds obtained

by chemically or biologically modifying a compound selected
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When forned into a shape of suppositories, polyethylene glycol, cacao
butter, lanolin, a higher alcohol, an ester of a higher alcohol, gelatin,
hard fat or the |like can be used as the carrier by adding an appropriate
absor pti on enhancing agent thereto. Wen formed into a formof injections,
exanpl es of useful carriers include a diluent (water, ethyl alcohol,

Macr ogol , propylene glycol or the like) ; a pH adjusting agent or buffer
agent (citric acid, acetic acid, phosphoric acid, lactic acid or a salt
ther eof ; sl il | £ A& ith n$ ofkd B dYSIF oxthdleppeséhe Lhkentioand a stabilizing
agent (sodium pyrosulfite, ethyl enediam netetraacetic acid, thioglycolic
aci d, thiol acti&A%idPfo the ddrk®n ind Me 8BHEEIOthe bRekBhS it tismdi um 27
chl oride, glucose, mannitol or glycerol can be contained in the

phar maceWn & ale tHSPAHF M | DM owihdh HEMH 1 gdéidsieant delrl preparmogan
isotonic solution, and a general solubilization assisting agent, a soothing
agent, a dorplimnesdhesdcwofhthegdhkecgpabakbsofbenaddedg YBenupaepared into
a formof ointnents such as pastes, creans or gels, generally used bases,
stabi | i zi Suh G Se  POI S6CPAEY ADENT S, spbesenvat tyeseotethed! ikenate

bl ended as occasi on demands, and they can be m xed and nade into a

phar maceusd e@d cpr £pRy atindnt oy, aHowaven; | fvmkxamphed. i Exampbescarrtdk usef ul
bases include white petrolatum polyethylene, paraffin, glycerin, a

cel | ul oseogierdyaldaieng pakystibytanee gty dnd tes thidntbhy| cypbt yse d oxedrieym a

car boxyvi nyl polyner, bentonite and the like. As the preservatives,

par ahydr ax§ bre aGatremesitdioranttd he, biykepdat ifrgra gzneph ¢ mee iuge th amhen
adhesi ve preparations are produced, the aforenentioned ointnents, creans,
gel s, pasi esediumh hehldkedoan et cost teali ont lae genies tdnceaipporke byested)
conventional nethod. As the support, cotton; staple; woven or nonwoven
fabric madetiofa ahedical tdivercsh i fubstaucd be boftesteny|wahl adde,

pol yet hyl ene and pol yuret hane. Al though adm ni stration nethod of the

ant i - agi nin aapvEnod, tde by esieing shenafomemenstdongar cpébl bel§ MediwRd, it
can be optionally adm nistered orally or parenteralhy,in response, _for
exanpl e, to vlhichidwysubsitanse thebprepakadiwns adfed d&agvapcifer 10
conditions of each patient or the degree of synptons 28 of the P@ﬁient.

this connection, when a gene coding for a fusion protein w

a receptor is used as the transferring gene, it is necessary
to induce cellular senescence prior to contacting with a
substance to be tested, by allowing the aforementioned receptor
ligand to act upon the transformed cell.

According to the screeningmethod of the present invention,
whether or not the aforementioned substance to be tested has
an anti-aging activity can be judged by allowing a normal
senescent cell or a normal cell introduced with a gene capable
of inducing cellular senescence to contact with a substance
to be tested and then observing change in an aging index in
the aforementioned cell. In that case, it is desirable to

jointly use, as a control, a normal senescent cell or a normal

cell introduced with a gene capable of inducing cellular
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Clinical dose of the active ingredient of the anti-aging agent of the
present invention can be optionally selected in response, for exanple, to
the adm ni strati on nethod, age and sex of each patient, formof the disease
and other conditions, but it can be adm nistered generally at a dose of
from1l to 2, 000 ng per day per adult or dividing the daily dose into
several doses. Exanples The present invention is explained in detail based
on reference exanpl es and exanpl es however, they do not Iimt the scope of
t he preserindsteerid,omhifkef drsemoe Exatplotel (it hirhteusubg tahoeeltlo be t hi s
reference exanple, using a human normal fibroblast W-38 (purchased from
JCRB cel ltandg),, beealisemahange vias thedagdangt heddk ffer@meesndme vdeiagus agi ng
i ndexes between active proliferating young cell which carried out 42 tines
of cell divisi Theattem tahttetgbngodctireitel |l amntked hesmmissoe@nscelnl after
61 times of cell division. In this case, the aforenentioned cells were

cul t ur ed argiingelQ%Ifeat adgioad facteirwinh ,FGS)d clome ai evmg* GMEML I ®ul becco' s

nodi fied Eagle's mediun), and their sub-culturing was carried out at a
rati o of serksdenddiameaases cendudalr- semésicengewhs tefihmedp2a of dd f2 PD.
According to this, a cell of from30 to 40 PD was used as the young cell,
and a celdf ofiva® iR, analed ysemessenbfcekl]l ¢29whetdee iton tdfe cadrulody
senescence- speci fi cp-gal act osi dase (senescence-associ ated (3-gal act osi dase)
activity Iife od ladlar deniesicence- speci fic ~i -gal act osi dase activity was
detected by the nmethod of Dimri et al . ( Proc. Natl . Acad. Sci. USA, 92:

9363- 9363, 1995he aforementioned “anti-cellular aging activity”
includes, for example,

(1) a cellular replicative regeneration activity which
regenerates the ability to performcell division in a senescent
cell which lost the cell division ability, and

(2) a cellular senescence delaying activity which delays
lowering rate of the cell division ability.

As the “aging index” which can be observed by the screening
method of the present invention, it is not particularly limited
so long as it is an index which shows the presence or absence,
or the degree of cellular senescence, and examples include cell
growth rate, a morphological change of cytoplasm, a change of
an enzyme activity specific for cellular senescence, ratio of
S phase cell and the like.

Specifically, incase that thecell growthrate isanalyzed
as the aging index, it can be judged that the aforementioned
substance to be tested has the anti-aging activity when the
cell growthrate after contactingwith the substance tobe tested

becomes quick in comparison with a control (a aging cell which
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Specifically, young and senescent cells of the human normal fi brobl ast

W -38 were respectively washed with PBS and then fixed using 0.5%

gl ut ar al dehyde aqueous solution. After the fixation, the cells were soaked
in a staining solution [prepared by dissolving 1 ng/m of X-gal

(5-brono- 4-chl oro- 3-indol yl -[3-gal actosi dase), 5 nmol//L potassi um
ferrocyanide, 5 mmol//L potassium feriocyanide and 1 mmol //Lnmagnesi um

chl oride in phosphate buffered saline (PBS;, pH 6.0)] and allowed to react
at 37C fofsndoursnschedewiPhothel subgtaphs ob bheteespdeti ve stai ned
cells are showmn in Fig. 1. In Fig. 1, the photograph (a) is a result of a
young cell (42 1 s efagh wisd)a mangHdie qihvd bgelepiyd B icytopbssmt of a
senescent cell ( 61 times of division) . Each cell is stained blue in

real ity wheankl yhas ddehedgdabaictdesd dasecachieveytygpiagm of ai sersdwoent n bl ack
in the nonochrone photograph shown in Fig. 1. As shown in Fig. 1, in the
senescentcektl lgdrphmat lngy aptke(bp Flat tinerclyd bpd s m twesinf bat judgednplaat son
with the young cell [photograph (a)], and the p-gal actosi dase activity was
30 conftheesfofd)erGoindnedretulnat arfcehas pleotpaeddhssatlze cfntpB&Bpinyei n I n
this reference exanple, the phosphorylated state of p38 protein in young
and senesgehiviey wheof thae laimaptopt aaih Hadomedd abinWE3s: was comtaehed by a
Western blotting respectively using an anti body capabl e of detecting total
p38 prot evntanthansthetanaei bodpectpabkd.of specifically detecting a
phosphoryl ation type p38 protein (nanely active type p38 protein) alone.
Specifically, WﬁungEandugemegeén¢ebb¢l%ro$emﬁécﬁugaﬁpﬁ@tﬁh¢ eNBYHBI ast

W -38 (about 5 x 106 cells) cultured in the same manner as in Reference
Exanpl e léd)inete iespectyzed aditheohgédgi Andek, nP-odlacbesidaseotamri on for
dissolution [lysis buffer; 150 nmol//L sodium chl oride, 0.5% NP-40, 50

mrol / /L TbﬁsCHCJid(eH the §)?lluéaﬁ1T§EPPECED‘FR spefdie EnEG‘I“,& 3 mol//L

gl ycerophosphate, 0.1 u//L Na3V04, 1 ug/m |eupeptin and 1 mol//L

phenyl net hanesult o’ﬁ}@ F3TRryRREE FWBF)?Ct‘SVJbEéqaénFI geledthTextraction

sanpl e corresponding to 30 ug as the anount of protein was separat ed by an
SDS pol yagepkaaedeegebest S crpriBredes Ji-n ﬂr@%@%%@SW%hd%%%%uce
transferred on a nenbrane %Inno ilon-P nenbr nuf actured by

M1 1i por eyt e%\fctcertaﬁ}'tﬁ%&’tl steRGceahe 1% SSBF ﬁ@mPFEétsﬁeln‘f’lJﬁgl ng a
[ | abl e bl ock Bl Ace t
Dai i Lﬁbﬁap%aﬁﬁﬁééﬁfrﬁmggaéﬁg sl %trﬁﬁﬁﬁsgcw et st
ti bod t d d | th bbi t

anti - bR %ﬁa?%ﬁ%a%eﬁ%ﬁ%ﬁﬁsrﬁ%ﬁ e QB s a1
38 t f ph h | at d
D bt t Gt PepRBEbRAr JRR Sop 3B Canennag, 2N or it ur e ﬁf}pNCE)Ey o 32%. body
whi ch reacts W'fht Oéa?gé)%e%t e@h@%%tm °5§'tr}11t Y1dQeS- 0P 1T %ﬁ%lg’z

8 s, and a

un- phosphoryl at ed P pr ot éi n) Wer € used as primary anti

hor ser adi §h yper 9@3938& ahelaganthe ; ;fgﬁGBeaeeb@gm(l gaguhagk uigd by

Amer sham "was us e secondary antl tection of the peroXxidase
ol ) s e Lispis bl s diert gt
ratio of S phase cell after contacting with the substance to
be tested becomes high in comparison with a control (a senescent
cell un-contacted with the substance to be tested), it can be
judged that the aforementioned substance to be tested has the
anti-aging activity.
Since a substance obtained by the screening method of

the present invention has the anti-aging activity, namely a
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The results are shown in Fig. 2. In this connection, a result of an

ani sonycin-treated young cell (42 PD) is also shown as a positive contro

It is known that p38 protein is activated (phosphoryl ated) when a cell is
treated with ani sonycin. Anisonycin treatnent of the cell was carried out
prior toits lysis with the lysis buffer by culturing it for 30 mnutes in
DVEM cont ai ni ng 30 unol //L ani sonmycin and 10% FCS. In Fig. 2, lane 1 shows
a result of the young cell (42 PD), lane 2 shows a result of the senescent
cel | (61 RDiulardrbpnecdtshensegenesattonfadievpogidnd/ cantedlulaanel y,
the young cell treated with anisonycin). As shown in Fig. 2, difference in
t he expr essie@Rcfcet @ledla i3y pradtisiit was tnadts fumeithlarmghdheaathies types of
cells . On the other hand, the active type p38 protein was less in the 32
young celingrisdde@ased ancéheunat soeylice tieatseyymemat Tey lagant wor @
significantly increased in the senescent cell. Accordingly, it was shown

t hat the 238 ylrzat eiehdsseanid \Wiladyimg tduerdel | ul ar senescence of human
normal fibroblast caused by its replicative |ife span. Exanple 1 (1) Effect
of p38 protei nMbebi bptel fiikailyan ther sab sftiamoeb loddta iined by ddeenpl e, ef f ect
of a p38 protein inhibitor SB203580 was conpared using the sanme young cel
(42 ti nmesafeadiivics marthcaho fS dnes perisend] Lnyedt ittmbsisof f@iyveiag®leof the
human normal fibroblast W-38 used in Reference Exanple 1. Specifically,

t he same gredse o edfn timd ifodltcow R tEVAY @12 af? pokdy Itepéet d@hididept t hat
a young cell (42 times of division) and a senescent cell ( 61 tinmes of

di vi si on)a afe Ithe adrrsmarretate f3irrobl derangd@st tom tue bacihe tWeishne manner
in Reference Exanple 1 ( 1 ) were used instead of the transforned cell. The
resul ts ayanstiowtds tigy.cellulprgenegscengee pol §edhatransduatiencel | growth
curve of the young cell in the presence of SB203580, the polygonal line b
is cell grasmadewtve cfourhestxrany ¢llthe PIhePEPSRREe of SB203580, the
polygonal line c is cell growth curve of the senescent cell in the presence
of SB203580 an@hehangdrpgdnsl appRé @f i Bhe AIeHRWMITERVETHLAE Léhescent
cell in the absence of SB203580. The synbol "+SB" in Fi 3 nmeans that it
was treated®If tBrote ol ri b bro s 59 35ED . aAF k%S ’tlﬂ‘ér?‘af?‘gtof S phase cells

in each treated group 33 i
Vagrioups compounds are known as the p38 protein inhibitor,

and its examples include the pyrazole compounds described in
WO 95/31451, the pyrimidine compounds described in WO 97/33883
andthenitrogen-containingheterocyclicderivativesdescribed
in WO 98/27098.
As the conventionally known p38 protein inhibitors,
examples include VX-745, VX-954, VX-702, SB203580
“4-[4- (4-fluorophenyl)-2-[4- (methylsulfinyl)phenyl]-1H-imi
dazol-5-yl]-pyridine”, SB220025, RWJ-68354, RPR-68354,
RPR-200765A, SC-XX906, HEP-689 (SB235699) and LL-Z-16402.
With regard to the p38 protein inhibitor as the active
ingredient of the anti-aging agent of the present invention,

preferred is a compound represented by formula (1)
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was determ ned by FACS anal ysis in accordance with the procedure descri bed
inthe follow ng Exanple 2 (3-a) , and the results shown in Fig. 4. The
synbol "+" in Fig. 4 neans that it was treated with 10 unol//L of SB203580.
I n addi tion, cellnorphol ogy and ~i-gal actosi dase activity in each treated
group were analyzed in accordance with the procedure described in Reference
Exanple 1(2). The young cell grew well (doubling tinme = about 2 days)
regardl ess of the presence or absence of SB203580 as shown in Fig. 3

(pol ygonal line a apd polygonal line b) , and its S phase cell was about
20% as sho in Figh 4. The SB203580-untreated senescent cell grew slowy
(doubling ti ne ut 6 days) (cf. polygonal line din Fig. 3), its S
phase cell was Pout Uty Fig. 4) . Although illustrative data are not
shown, it showed_ a rpholdg?cally characteristic of a cellular

senescence- §P, €i fi&-i-gal act osi dase-positive flat cytoplasm On the other
hand, the SB203580-treated senescent cell showed accelerated growh in
conparison with the untreated case (cf. polygonal line c in Fig. 3) , the S
phase cel |wisdean Iy 72 ahpyrsdefl roupdédatudl sdbwei¢Batily dudsdl ity adks
significantly increased to about 250 (cf. Fig. 4), and it showed a

mor phol ogiyCieth | ah & var aebesupbitd tiuentisai ntlapendehular ssdaesednteompdus fi c
(3-gal act osi dase-positive degree was | ow and the flat cytopl asm becane
thin, thugréeserdidngihe ydung a8yl gBasedheningeseomeduto s d¢arers shown
that the SB203580 as a conmpound having p38 protein inhibitory activity
parti al | yaBdms, reesé dsgeneeidm gaaws hkaty groabl haebtodifimpnd Lo éptdanve life
span. Exanple 2 (1) Preparation of transforned cell of the present

i nvent i onatoms hearexdrgyllehitdhe riongnsbuingdftemn |1 dfo theapbesentorpvediti on was
prepared in accordance with the procedure described as foll ows, by

i ntroduci amyimo mrarp WKEG2 gereotodi dh—-abkyi hehauHirPaKIE BREPERR LGRS an
MKK6EE gene coding for a constitutive active type nmutant of the MKK6 (to be
referred ¢6 escIVKKBEEL proietl fetefAaft @Rino greuR/yBeanyS ceIMY PO hunan
normal fibroblast W-38 by a gene introduction nethod ich uses a
retroviruatomnorha® 2bkvibcereRP hREIMEKErPRoteFR L8 SAT pKaEPHQSeRENﬁPKK)
whi ch phosphoryl ates and activates p38 pratein. Also, ;gﬁwNK 6EE protein is

a nutant b8 a RNEWKGIBPEPeVRIFR Whi I dta ey SRSt BHFAG WHb8i P18nt¢ ser

W th ol ut BRFESAEVBS (L USnES ENGEPEBUFRE L SELCCTaY T3PR 1555 S Ebbe)  The

ot hod whFERS BEESRE T Afid T ARRs 03, S BrE] SOt e TRETE 13670,

the hucl obt FREDEBGAEHRE FBar cOORE b by st FoPRBIT 5ot Syares or i mor

Case. "t heSRToPBAGAY SHER thER- R HERT pBPRE: Ty fghogtRodrany & s Thi
-5 (0) nRs or ~NReR7; Rg is a hydrogen atom or an alkyl group having

from 1 to 10 carbon atoms, Ry is a hydrogen atom, a benzyl group
or an alkyl group having from 1 to 10 carbon atoms, or Rs and
R, together with the nitrogen atom to which they are bound may
form a six-membered heterocyclic ring which optionally has an
oxygen atom; Rs is an alkyl group having from 1 to 10 carbon
atoms; m is 0, 1 or 2; and n is 0 or 1].

In addition, with regard to the p38 protein inhibitor

as the active ingredient of the anti-aging agent of the present
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i ncubating at 94C (5 mnutes), repeating a cycle of 94C (30 seconds), 52C
(30 seconds) and 72C (1 mnute) 15 tines and then finally incubating at 72C
(10 mnutes) . Also, the MKKGEE gene was obtai ned by nodifying the

af orenmenti oned MKK6 gene using a genetic engineering technique in
accordance with the conventional nethod, nanely site-specific nutagenesis
(Pros. Natl. Acad. Sci. USA, 81: 5662-5666, 1984). Each of the thus

obt ai ned MKK6 gene and MKKG6EE gene was subcl oned into a puronycin-resistant
gene- contiaRin®g Jngt 4 e¥inpusinsest ehepMirtue XdnediEtamolla, (R4whad244829,
1996). The gene introduction by retrovirus was carried out in accordance
with a cepvedtdronakhyskaewtedet hpdr{d Pl ogrolt R,. i AcadydIeigerSAon92:

9146- 9150, 1995). That is, a packaging cell NX cell [4 x 106 cells/10 cm

di sh (J. rYi £ 8l a, pBEaYy BIGr 85, sd98L) thte@switianss eo £rE Viwhle ré imgmofi sa
retrovirus DNA contalning each gene (or the retrovirus vector pMXpuro as a
control) .1 Abter a48 HOUESan bh& yauh i onie hidergndrant 1 was 4 rasadwet edoasd used as
a virus solution. As the target cell, young cell (42 PD;, 5 x 105 cells/ 10
cm di sh) x0fd ®eibusapheayigrbupr ehbast tWed8wivaa auhblogenf atod Heurs in
the virus supernatant to which polybrene (final concentration = 8 ug/m )
had been paddrtablle \& rdesppuper natearti mesh e ateinovest, amehigsheim fResh

vi rus supernatant [containing polybrene (final concentration = 8 ug/m)]
was agai rnratklesh e bolihawadr dypédiei ceiphuri-pgsfitn o8 shicmsr e Baelf eafabtlies
infection-treated cells was cultured for 3 days in DVEM 36 cont ai ni ng
puronyci i ca3mbougtnivher&inthweidt & phen\alf eoupasnpehdtotedt Wethnf¥R4 on, the
medi um was changed to DMEM cont ai ni ng 2. 5% di net hyl sul f oxi de (DVBO)

fol | owed (whetrted re Bk tiy iamgafly l6gdays.hdanindifyamdetot hecapfinumtersiange was
carried out every day during the culturing for 6 days. The relative nunber
of cells ahd iRgishesghényhysrawes swesiuriat el efithithdluppingsiateta 2
commercially available kit [Cell Counting Kit £]V\BT- 1 assay) ,_ nmanufactured.
by DOJI NRElorifie a8l ¢ragsayodine aworhéd sblkhdwradireid s ygrdé of cel |
growmh ability with the use of the colorinetric determ nation of the

acti vi t y atonphydarhere irdot 1 ®@sPRRBY &i FrUR BOSHiHUERd WéFht =50CHs
dehydrogenase and the like are rel ated. Measurenent and cal cul ati qn of the
rel ative and R fgnbarhainile 95pEEI $phaf i juked Midd sdiopynernate®| ("GfSty met hod.
That is, 1, 000 cells per each well of a 96 well plate were precultured for
24 hour s.SBREFR8 N di hPaHel weRal ¥ rfRr¥ol% he culture nedium the
coloring reaction was_carried out, for 4 hours.in a CO2 incubatar., After the
reaction, measdrefbhtldnd a&&vﬁfeggpﬁﬁaglﬁgaﬁ%er?%é‘& a(cr?elgéﬂﬁrng

wavel ength = 450 nm These were neasured.on three sanpl es.on e of the
measur i ng® SRR FREFERT 2R T ALF éﬂ(d?%fiﬁ dé&/gged%rrll nga?hrgggarg%\?\#n

peri od, anjg the average val ues were used as the data of respective
neasuriné’zﬁﬂ?.lﬁﬁﬁﬁgiﬂ%ﬂive nunber of cells of measured val ues on

! e e of !
s ed vl uet aies SErHS S Aat R Pl P v MR VRSBl
In Fig. 5 _the,4th d i - i i t i d
as the »oMC U o HPREe” Hh 8 SRGLHLPRE Wb AT AR A AR S, 050
result of the vgg%??g&fﬁfg} r%’f&’e&@iﬁ O&naf{l;h@ﬁpE?éQEinbné’lS@htO@ort he

| cal es a | t

synbol " In S aresuft o e MKKoEE gene-i ntroduced
cel | Of L0 &y e5e o dWent (bl A0 16, SHholi o061 d MKl £ {ilardd) 1S 2
result of e vector (retrovirus vector pMXpuro) alone-introduced cell
(control )yherein fallout and/or damage of vascular endothelial cells
and the like could become the cause; a growth enhancer for tissue
culture in regenerative treatment; a liver function recovering

agent for hepatic cirrhosis and the like; an anemia improving

agent for senile anemia and the like; an immunity recovering
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As shown in Fig. 5(a), cell growth rates of the MKKG6-expressing cell (W)
of the present invention and the MKGEE-expressing cell (EE) of the present
invention were significantly reduced on the 4th day, in conparison with the
control cell (V) infected with the vector alone. In addition, in the case
of the cell (EE) of the present invention expressing the MKKGEE gene, its
grom h was conpl etely stopped before the cell becane confluent. (2) Effect
of p38 protein inhibitor on the transfornmed cell of the present invention
In the exaraie, ref feeiiDé 1heupdde piolensyi ahdbther 1 5B20358Auanstiie two
species of the transforned cell of the present invention obtained in

Exanmpl e 2{d)+nersi epflineredn repesidn i) hyent ferrethovind usini fif st oory
treatment described in Exanple 2 (1) and culturing of the cells obtained by
the treatgmntirsbsess botanboveanerand epeatrd,; extept ithayenoasmneitnim was

repl aced by DMEM contai ning 10 unol//L SB203580 (nmanufactured. by Signma) on
the 4th daynhaft etoshe ryndgtiositlibe.38 infection treatnent. The results
are shown in Fig. 5(b). The synbol "+SB" in Fig. 5 (b) indicates that it is
a result of thexageled catidilng GRG0 senddmemesli ded ayhng hagegbnnecti on,
the synbol "-SB" in Fig. 5(a) indicates that it is a result of the case
‘wher e SB235Bfdevas: antenildsdl ¢0os he prediamhing ébenegar diverthangtbw h
inhibitory effect by the MKK6 gene or MKK6EE gene shown in Fig. 5(a), it
was i nhi biédacbioh e @6 timat egant nfvbhepea t$SB20B6800 a6s sirwMihienl Hkegi 5(b) .
In addition, although illustrative data were not shown, the SB203580 al so
showed t hen ankehiag reyact ivg bgenpoipathersgsceand ¢éle 1{6a; BD)imfuriiey hunan
normal fibroblast W-38 cultured in the sane manner as in Reference Exanple
1(1). (3)r<bnttiomthmmyvenft irar agestafpnghentesdanonthad itheansfwieesetel | of
the present invention (3-a) Ratio of S phase cell by FACS anal ysis Using
the two sgretikelbfimt Fienet bers fusdiet kvl PIevertd ns agent fRVeAtFRFCRHE one
speci es of a control cell wherein the vector alone was introduced, obtained
by repeatinfleneatans prettdirbestirranpiecape) anfhéheatildest a8pRdse cel |
was confirmed by a fluorescence-activated cell sorter gFA &Fﬁnalysis. As
the cel | salepeckaapreventEngt agenRg. pér PadrokoBidapsd héife e cells of

"during 6 days" in Fig. 5, were used. , ,
The anti-aging agent of the invention can be prepared

as a pharmaceutical composition in accordance with a general
method using an appropriate pharmaceutical carrier. As the
carrier, various carriers widely used in general drugs, such
as an excipient, a binder, a disintegrator, a lubricant, a
coloring agent, a taste masking agent, a flavoring agent, a
surfactant and the like, can be used.

Dosage form of the anti-aging agent of the present
invention is not particularly limited and can be optionally
selected in response to the treating purpose. Examples include
parenteral preparations such as injections, suppositories and
external preparations (ointments, adhesive preparations and
the like); aerosols and the like; and oral preparations such

as tablets, powders, fine granules, granules, capsules,
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Specifically, each of the cells after a culturing period of 6 days was
subjected to | abeling in DVEM nedi um contai ning 10 unol // Lbronbdeoxyuri di ne
(BrdU) for 4 hours . Next, the cells were fixed with 700 ethanol and
treated with 2 nol//L 39 hydrochloric acid for 30 m nutes. Subsequently,
they were neutralized with 0.1 nol//L sodium borate and then allowed to
react wwth FITC | abel ed anti-BrdU anti body (manufactured by BECTON

DI CKINSON) for 1 hour. After conpletion of the reaction, the cells were
washed widdil et vasd ngi bld f esu$ BT tons ai saynge. 586 Tewehs20nand 1 o bovi ne
serum al bum n (BSA) ] and suspended in a PBS solution containing 5 ug/m
ProPi di um | odi d& e Rlflor eitem tsiamel de sraneireeu sxndityge dcduy kee twapdeli mehsi onal 1 ow
cytonetry. The results are shown in Fig. 6. The synbol "Vector" in Fig.

6(a) indigtedmsaddaticdl i srepaestl onefbyhgenechbrmétbodevirus vector
pMXpur o) al one-introduced cell (control), the synbol "MKK6W™ in Fig. 6 (b)
i ndi cat es t hat Hxanigsle®s roefs dlatr rafe rishehNk6 cgenkeei nseddirm etb el hg afrahe
present invention, and the synbol "MKK6EE" in Fig. 6 (c) indicates that it
is a resudliod priepavékEB sgenchiad tebless, cedwders t Ha ngr gsanulesvandi on.
Each ordinate in Fig. 6 shows the degree of BrdU staining, and each

absci ssa ghovisl¢heinlelnde af Skcipaenthgachesehodncrashi gsodivithe ratio of
S phase cell in the MKK6-expressing cell (MKG6W) of the present invention
and the MIKGEEi@xprebstogecestat®VkK6ER) coiimt parbpeabAr KAPEAD on was
significantly reduced in conparison with the control_ cell (Vector) infected
with the veysorl bineecelBubyscel dnh ¥ir glep edentic spreks ¥t R gtz osi dase
activity The procedure described in Reference Exanple 1(2) was repeated,
except th@@giméCtﬂgi@p@cibbeolikﬁé?taahéﬂéﬁﬁedsé@gﬁe4éyru8ﬁ PHECHEEs ent
invention and one species of a control cell wherein the vector_ al one was

i nt r oducesolwbien ned aFEhy spEati oy 0rd addmes P ekt BOSV VERYHA EC2Ned) |
(cells after a culturing period of 6 days_in each case, nanely the cells of
"on the RPLYEIMYEneENYT, SPOhEY ENYLeAYTFRE1IARBEIts are shown in Fig. 7. The

synbol "Vector" in Fig. 7(a) indicat that it is a.result of the vector
(retrovir%%rQ%%Y%?tBKaﬁﬁ¥gylaﬁﬁne§ﬁﬁiiaﬁuc@8t%¥hlCE&BH?PSF),théﬁsynbol
"MKK6W™ i n Figéﬁérfg%?indic tes that it bs .result of the MKK6

gene- i nt rodhite 1¥Re2pPLBBAE | AYENPEBRICand the synbol "MKKGEE" in
10,7 (Al sates sbnld ok m b ERtLL Slot S IKKOEE: agpslatgouged cell
(ko) glkbe, Bsert dNGIL oD B, ey MBI 253, i PR LAKKOEE)
cel lular sepescRNCe: §PRELT L1 bl - 92LaCt anhAASBoAGLL KLY YRS A9RRIST abl Y
crosslinked carboxymethylcellulose sodium,
carboxymethylcellulose calcium, starch sodiumglycolate or the
like); areleasecontrolling agent (ahigher fattyacid, ahigher
aliphatic alcohol, cacao butter, a hydrogenated oil, a
water-soluble polymer, a gastric polymer, an enteric polymer
or the like); an absorption enhancing agent (a surfactant such
as a quaternary ammonium salt, sodium lauryl sulfate or
sorbitan monooleate); an adsorbing agent (starch, lactose,

kaolin, bentonite, silicic acid anhydride, hydrous silicon

dioxide, magnesiumaluminometasilicate, colloidalsilicicacid
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Next, the procedure described in Reference Exanple 1 (2) was repeated,
except that the two species of the transforned cell of the present

i nvention and one species of a control cell wherein the vector al one was

i ntroduced, obtained by repeating the sane procedure of Exanmple 2(1),
(cells after a culturing period of 6 days in each case; SB203580-untreated
cells) and the two species of the transfornmed cell of the present invention
and one species of a control cell wherein the vector al one was introduced,
obt ai ned day trpaatkid)g @Rl samebprieeedur @uafi fixalad 4la s2eldate,(@el s
after a culturing period of 6 days in each case; SB203580-treated cells)
wer e usegillhrgne 2080 deldsl ywettey lopid aniaydyl set ediedl ikeler a m croscope from
each of independent three sanples per each group, and the ratio of

/ 3- gal act osi dage¢ pesgickisuey;elthdleas ecalrciatmediehy dauridmegrdalhe nunber of
(3-gal actosi dase positive cells contained therein. The results are shown in
Fig. 8. Ilgpdtihg-&rddtedyabletsViuchdisatignrt babted iabletesgdladfirt he
vector (retrovirus vector pMXpuro) alone-introduced cell (control), the
synbol "\Woatigtlitabless) hptstitid soatedstdbl ofs t bethKKE gemeed ritatdduced cel |
of the present invention, and the synbol "EE" indicates that it is a result
of the MgK6ERRtgenesdnilylodutilkn cddted theleresent invention. Also, in the
"SB" colum shown on the abscissa of Fig. 8, the synmbol "+" indicates that
it is a result CapstifiesSB203x80repeaeddoy alilxsingawdthhea simbelcarriduwdi cat es
that it is a result of the SB203580-untreated cells. As shown in Fig. 8,

t he i ncr easeplfi fiwd del khkaabsenesvbfdd-ldpaciihikaf@-gpll aictvsiakssvl gsi ti ve
cells is inhibited by SB203580. (3-c) Phosphoryl ated state of p38 protein
The procedursodestapdelkes n Ref erence Exanple 1(3) was repeated, except that
the two species of the transformed cell of the present invention and one
speci es of a cédudld peeparhbiena nde beevabprapohsbhaser Mtidodrlédl®bt ai ned
by repeating the sane procedure of Exanple 2 ( 1) , (cells after a

cul turi nFYrrenRi s 4 BO LW RSy | SYVEIRG CashiXire el thawe 197 R
anti-MK6 anti body (sc-1992; manufactured by Santa Cruz), an anti-pl6

ant i body REeR4EH 1PaAGFaEtares WitaCongeg#lonad YRevRFsatan i%ldij)l
(sc-817; manufactured by Santa Cruz), an anti-p53 antibody (sc-263;

nmanuf act W18, R EFQAIMNE an anti-actin anti body (nanufactured by

Boehr i nger - Mannhei used as the pri tibodies .. In thi
connect fon, L hRETE EFBEGI 1 Gk BEREr BF i TPRRS MHEWT p ST TS of ef ns
haracteristic of t cells . Also, actin j tein which is k
[0 have rELEATHorAHAD PR AHES /ol praddiun SyDaAEr by* BeFhBhn ShUFLCRlTs and
t cells, T |t . shaqwn in. Fig. 9., In.Fig. |
ek | TR (ERO At S5 o (i T et (T st dae ey

IR ) 8 PR S AR e R D g

that it IS aresu gene-in uced e present
i nvention ?}["9‘ ol "MKKGEE" indicates that it is a result of the
VKK6 EE gé% -|nt¢o§u%%%pcell of the present invention.

When formed into a form of injections, examples of useful
carriers include a diluent (water, ethyl alcohol, Macrogol,
propylene glycol or the like); a pH adjusting agent or buffer
agent (citric acid, acetic acid, phosphoric acid, lactic acid
or a salt thereof; sulfuric acid, sodium hydroxide or the like) ;
and a stabilizing agent (sodium pyrosulfite,
ethylenediaminetetraacetic acid, thioglycolic acid,

thiolactic acidor the like). Inaddition, in this case, sodium
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As shown in Fig. 9, a large anount of the MKK6 protein was expressed in the
MKK6 or MKKGEE gene-introduced cell in conparison with the control. Wile
expressed anmount of the total p38 protein did not vary anong the three
species of cells, expressed anmobunt of the active type p38 protein
significantly increased in the MKK6 gene-introduced cell and markedly

i ncreased in the MKK6GEE gene-introduced cell in conparison with the
control. In addition, expressed anount of each of the senescent

cel | - speciffiliciiRld Ry1URI e ARG ik dlr @ireigl yidetiodasadt 43 contatimedvKikb or
VMKK6EE gene-introduced cell . It was found based on these results that

cel l ul ar tsenescentr di iddlegidey dradiicsr 11 any emdgntelshiE iy itde deid vat i on
of p38 protein. Exanple 3 It was al ready reported that human nor nal

fibrobl agireianiidly sshewstantel sol at i6aneseenc gapleandt ypea uby ltira tfiarced
expression of activated Ras (Cell, 88: 1593-602, 1997) . It was shown that
this process dtsiriqidueed viaasbbehthgsageat , MAPIG cabraies Red £ MelorErdhe whi ch
is in the downstream of Ras (Genes Dev., 12: 3008-3019, 1998, Genes Dev.,
12: 299713067 ,cakP)sc MYy dduedise of this, Zhu et al. have reported a
system for inducing cellular senescence by activating Raf with estrogen or
tanoxi fen (Cen@tebBeyreph2ed298%e0380Form998)ointhersts sswch esulpasdfes,usi ng an
estrogen receptor gene with a sequence coding for the kinase regi on of

acti vat edcriRafimggene.gdlly, |germacol danceedi hasehe sfadvehbntngnadentshod,

i nduction of cellular senescence was tested by carrying out gene transfer
into the ndi-s38:rciald agehtthenetnseconst ves iy the isitkemansd dh egeded dfuce

cel lul ar senescence by the adm nistration of tanoxifen. The results are
shown i n ddaps ik abehdfids, 1dAnd Bihehecamnbaisixediondohadeninbp Aore of
tanoxi fen, termnation of cell growh and increase of cellular
senescenc;émaspmefu’@le& gakpetresidasyy powinviend igalal peklkodbsdxa@mblather eby
confirmng that the cellular senescence was i nduced. Fig. 10 shows the 44
changes iaf tthe rrtﬂepﬁidl dpsest ioslliuglepyhiid @@ ta@diativgyr G lore doR& i r ati on
of tanoxifen éﬁp and Fig. 11 shows a rel ationship betmeen concentration
of adm niga%s -Qaﬂ%&Y¢%ﬁﬂQ4-4ﬂ§e%ﬁwl@ﬁ% ?%?hY?PéV%unB%FYSF ¥&FP€ wherein
the initial nunber of cells is defined as 1. e stem

const r uctEGnl ( 13 , dHre Flat i ML ¥F 1 Ferangs ?nG%E ﬂxbylgb RPE%m?ganifen

and by simul taneously addi ng, 25 uM of PD98059 g%k i nhi bitor) and SB203580
(p38 i nhitgntnite id Ere ebike onAshdhRaPHST 1¥&3rul ar senescence

i nducti on was observed. The results in 12, Fi 13, . Fig. 14
and Fig. Hajrafp(%ro’iféb%r%%t? AR TR ﬁecgweé?ﬁ\fﬂgleﬁ(at’@slpeegﬁl%ﬁeé%el I's
after induction of th actlvated Raf.. In Fig. X|fen is showmn by a
synmbol " 4- HT", VAR (3rRess Ve BERATsY- LU nﬁ“g? é?%%d%f/? 1% shown by a

synbol £¥%rementlonedw3intments, creams, gels, pastes or the like can

be coated on a general support by a conventional method. As
the support, cotton; staple; woven or nonwoven fabric made of
chemical fibers; and film such as soft vinyl chloride,
polyethylene and polyurethane.

Although administration method of the anti-aging agent
of the present invention is not particularly limited, it can
be optionally administered orally or parenterally in response,
for example, to the dosage form of the preparation, age, sex

or other conditions of each patient or the degree of symptoms
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Fig. 13 shows the ratio of ~i-gal actosidase positive cell in respective
cells after induction of the activated Raf . In Fig. 13, tanoxifen is shown
by a synbol "4-HT", and the 25 E.i M PDO8059- admi ni stered systemis shown by
a synbol "+". Fig. 14 shows the ratio of cell growh in respective cells
after induction of the activated Raf. In Fig. 14, tanoxifen is shown by a
synbol "4-HT", and the 25 uM SB203580-adm ni stered systemis shown by a
synbol "+SB". Fig. 15 shows the ratio of (3-gal actosidase positive cell in
respecti wr a@ld paafiteait i nduction of the activated Raf. In Fig. 15,

tanmoxi fen is showmn by a synbol "4-HT", and the 25 uM 45

SB203580- adm nistaned1syss€m shehom ¥y iagnedient’ of , tIRDAKEGSS ageimig al | y
inhibited the term nation of cell growh and increase of cellular
senescencrreseeifl the~Broakaet OaVEASEoposahive apedloriaidic e lmcttdre in
activation of Raf. However, SB203580 inhibited the term nation of cel
growt h and gpsHRasE o eahbllear tseties cadinin speraticn (Ridaddctaon dase
positive cell induced by the activation of Raf, nore strongly than the
PD98059. ddx wasegtargdt ichthy folrimso £ nfioy wrtsieaset hatl didtdr aontdid icinessi cal
MAPK and a stress-inducing MAPK p38 are concerned in the cellular
senescengait ndueed e tdemiacitdteatddyenfeiRafly it & kscorderfiran 1p3® i s
particularly large. Industrial Applicability The transforned cell of the
present inEThepersday pelladislef ot diori ddonsthedeiny ddae sukeassivayaslyst em of
the present invention, and, according to the screening nethod of the
present iduossdi on, a substance effective as an anti-aging agent can be
screened. In addition, a conpound sel ected by the screening nethod of the
present invention is useful as an anti-aging agent . 46 Caiml. A
transforned cell in which a gene coding for (a) a protein capable of
phosphor \Bxnmie 38 prot ei n,

The present invention is explained in detail based on
reference examples and examples; however, they do not limit
the scope of the present invention.

Reference Example 1
(1) Culturing of cell

Inthis reference example, using a humannormal fibroblast
WI-38 (purchased from JCRB cell bank), confirmation was made
on the differences in various aging indexes between active
proliferating young cell which carried out 42 times of cell
division after collection of the cell and its senescent cell
after 61 times of cell division.

Inthis case, the aforementioned cellswere culturedusing
10% fetal calf serum (FCS)~-containing DMEM (Dulbecco’smodified
Eagle’s medium), and their sub-culturing was carried out at

a ratio of 1:4. In that case, one sub-culturing was defined
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or (b) p38 protein, a mutant of p38 protein, a kinase domain of p38
protein, a kinase domain of p38 protein nutant or a fusion protein

containing themis transfornmed into a normal cell. 2. A nethod for
screening a conpound, which conprises ( 1) a step for allowing a norna
senescent cell or a normal cell introduced with a gene capabl e of inducing
cel lul ar senescence to contact with a substance to be tested, and (2) a
step for analyzing an aging index of the cell. 3. The screening nethod
accordi ngyd 9 ©bai Mcorsierets thies sthepel drofufaloyz Bogt @ 0apDngas noesd of t he
cell is a step in which an aging index of the cell is analyzed by conparing

With a com tele g8lihgWbkth, i snaol 0t act 60 RDt &s atiseiasiranoeertto ded est ed. 4
The screening nmethod according to claim2 or 3, wherein the aging index

el DEcABEEA ocel 5 Bt dncarpbanasc dilaowalimls) o
(senescence-associated B-galactosidase) activity

The cellular senescence-specific B-galactosidase
activity was detected by the method of Dimri et al. (Proc. Natl.
Acad. Sci. USA, 92: 9363-9363, 1993).

Specifically, young and senescent cells of the human
normal fibroblast WI-38 were respectively washed with PBS and
then fixed using 0.5% glutaraldehyde aqueous solution. After
the fixation, the cells were soaked in a staining solution
[prepared by dissolving 1 mg/ml of X-gal
(5-bromo-4-chloro-3-indolyl-B-galactosidase), 5 mmol//L
potassium ferrocyanide, 5 mmol//L potassium feriocyanide and
1mmol//L magnesium chloride in phosphate buffered saline (PBS;
pH 6.0)] and allowed to react at 37°C for 5 hours or more.

Photomicrographs of the respective stained cells are
shown in Fig. 1. In Fig. 1, the photograph (a) is a result of
a young cell (42 times of division), and the photograph (Db)
is a result of a senescent cell (61 times of division). Each
cell is stained blue in reality when it has the f-galactosidase
activity, but it is shown in black in the monochrome photograph
shown in Fig. 1.

As shown in Fig. 1, in the senescent cell [photograph

(b) ], the cytoplasm was flat in comparison with the young cell

[photograph (a)], and the PB-galactosidase activity was
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senescence-specific enzyne activity or a change in the grow ng 47
ability. 5. The screening nethod according to any one of clains 2 to 4,
wherein the normal cell introduced with a gene capabl e of inducing cellular
senescence is the transfornmed cell according to claim1 or a transforned
cell prepared by transformng a normal cell with a gene coding for (c) a
protein positioned at the upstreamof a MAPKK protein of the p38 pathway, a
nmut ant of the protein positioned at the upstream of the MAPKK protein of
t he p38 paddtiawmed.he ki nase domain of the protein positioned at the
upstream of the MAPKK protein of the p38 pathway, or a fusion protein
cont ai ni n@ )t A £ iamdtd)ora @f qiled sphvdt wlhateed | sades ¢ Hiep pBBp MPKipat hway or a
fusion protein thereof. 6 . An anti-agi ng agent which conprises a conpound
obt ai ned by thenseheenragepehbedevimphy, oriee gdhadhomyPatted Sstate Te
anti-agi ng agent according to claim®6, wherein the conpound obtained by the
screeni npIetdhededin dny yonagohndl aenss@ehd Sel$saof ontpoimuhdraviompalhe
activity to inhibit a p38 protein or a nolecule positioned at the
downst r eaifoldles tpIBL 1E Dtwa s dcon f hemeB3o WAPKIpatdwaybl8ttThe anti - agi ng
agent according to claim7, wherein 48 the inhibitor is a p38 protein
i nhi bi t orreghedin writy uaging aphan ticedy icalaktlenedsdeteat whicto tohmibes, as
an active ingredient, a conpound obtained by the screening nethod of any
one of clmioteih bodSwbtlvdr s tabodyhtdpalole off spedBLpral by Wedrectingd ecul e
positioned at the downstream of the p38 protein in the p38 MAPK pat hway.

a phosphorylation type p38 protein (namely active type p38

protein) alone.

Specifically, young and senescent cells of the human
normal fibroblast WI-38 (about 5 x 10° cells) cultured in the
same manner as in Reference Example 1 (1) were respectively
dissolved in 0.1 ml of a buffer solution for dissolution [lysis
buffer; 150 mmol//L sodium chloride, 0.5% NP-40, 50 mmol//L
Tris-HCl (pH 7.5), 3 mmol//L EDTA, 3 mmol//L EGTA, 3 mmol//L
glycerophosphate, 0.1 u//L NasVOs, 1 pg/ml leupeptin and 1
mmol//L phenylmethanesulfonyl fluoride (PMSF)].

Subsequently, each extraction sample corresponding to
30 ug as the amount of protein was separated by an SDS
polyacrylamide gel electrophoresis in the usual way and then
transferred on a membrane (Immobilon-P membrane; manufactured
by Millipore). After subjecting the membrane to a blocking
treatment using a commercially available blocking agent (Block
Ace; manufactured. by Dainippon Pharmaceutical), a primary
antibody reaction and a secondaryantibodyreactionwerecarried

out in order.
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JAsSUFY. Au. Al AL ALLAATLA(LANE. Au, Y. Al Au. A Aal . Aa. A, A A T.A@. A .Au | . A
CACA Y AUl A(CLALLA Y. AGQ.ALLAATLA AUl A Aa@. AALLAAALTLALA

, Y. AQY. Au@r. A@Y. AL A LAl + /0Lag@/ 4

~LCk} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] cLa! kK9q) . LSNT=UxV} xsni d_Z] ca] ca] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca! 49xRnNtKik case, a rabbit anti-p38 antibody (manufactured
6lolyltt-"["""#}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] cal gREB pbeadca]wed ¢ aheahaalea]on] tiahta]s3d BrébéH4 25qBSRREL086 v &
&&&-"' 2" " (<*r,w, =-u-z0OR2W2} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] c

al&f:a] ca] caf aale glreajarale alre alalmal e emlosmeadydal teiadrajaral \W2 2 it/ 777$9: D
: d- I 1 sl v | 9B Xctejlsadig almahehd caheadiclay ciEBa] eaV] ca] ca] ¢

a]J caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! IKLMzNNQQRRRR' S
( SCSDSI SIHSSISSE5UT chTadatktld Writtdy phpvphalgahtatiaal & proaéicapeh]dedal ca] ca
] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca! dUveWNKY
YY[ Al >\ \ \ri 8t Y& a clice BeliCd So-fstotoastpricydir aobsettl g3\ mho t &L o) cedajiceldcal ddjeca] ca] ca
] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
al d+eeg” i py fomadyo bypitpipsp d £ e v OanBalwax plyoiys oy gy yui{ b rok { aseatr take] ed

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] araf cajalst) ca|losd Eitibody (manufactured by Amersham) was used

Bgr | wmhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] cad thi sekoapealyos] tiddedy caDptactioaolf the peroxidaseactivity

) _#5pr}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca calca] ca] caLca] calcaLga] ca] cal ca] ca]
ca] ca] ca]waj ced ral ed] el cad tad cadpadral eblytgypllable detection kit

=>xdj OPST{vql gb] X] ] ca%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] caV] ca] cmara]acieegd 4] #de] éapeshen) capdaX TFay >N\ @99 ca] cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] calca]ca]ca]ca]ca]c
a] ca] ca] day essIBaGZp9Eqr Zvwzupkf a\ Wi d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]
ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] c”a] caV]ca] ca] ca] caV]ca] ca] ca

ol ohl os) L oad cal Cal <o cal cal ca) cal oo %fg]! ﬁégim%i]xﬁ%%ﬁﬁ Rkiekivtie
e e T bt o
%ca] (éa] cal S]Hf%ﬁ’c%’% ceafﬁﬁ]%g)%ca]%%}Eé%@%h%%ﬁ%ﬁ%%ﬁ&%@a‘%w a&gela% +gu-1r
it;i((s: gi (z: ;fkﬁ%ﬁﬁiﬁﬁi JC%EE%ECS‘I'EET 231:821}%:1825 ngngcl‘é‘{f‘E%] 83]18%“85]18&'] ca] ca] ca]
Lagi K & b 67 R e fo 6% 9P F0E ()- 1
10, <t 100 Y5 SMITYERE) 1835ePYT TSF - 28 o Y= boe CPIMI B0 S0P 3@xs 10%
%0 U o RS tnfns TEoue 118 anae et palod 8 BSS: oo ()¢ 108
10g 10gL{\=@! 11Q1%!E&L'g(.) '2!,1(105@1% (l) 'shgaglé a result of the young cell (42

PD), lane 2 shows a result of the senescent cell (61 PD), and

; d=j =>2 ? 4G,

lane 3 shows a result of the positive control (namely, the young
cell treated with anisomycin).

As shown in Fig. 2, difference in the expression of total
p38 protein was not found among the three types of cells. On

the other hand, the active type p38 protein was less in the
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more significantly increased in the senescent cell.

Accordingly, it was shown that the p38 protein is activated

by the cellular senescence of human normal fibroblast caused

by its replicative life span.

Example 1
(1) Effect of p38 protein inhibitor in human normal fibroblast

In the example, effect of a p38 protein inhibitor SB203580
was compared using the same young cell (42 times of division)
and senescent cell (61 times of division) of the human normal
fibroblast WI-38 used in Reference Example 1. Specifically,
the same procedure of the following Example 2(2) was repeated,
except that a young cell (42 times of division) and a senescent
cell (61 times of division) of the human normal fibroblast WI-38
cultured in the same manner in Reference Example 1 (1) were used
instead of the transformed céll.

The results are shown in Fig. 3. In Fig. 3, the polygonal
line a is cell growth curve of the young cell in the presence
of SB203580, the polygonal line b is cell growth curve of the
young cell in the absence of SB203580, the polygonal line c
is cell growth curve of the senescent cell in the presence of
SB203580 and the polygonal line d is cell growth curve of the
senescent cell in the absence of SB203580. The symbol “+3SB”
in Fig. 3 means that it was treated with 10 pmol//L of SB203580.

Also, the ratio of S phase cells in each treated group

33



410%g8&' ()-210%g& ()-010%& ()- .10%g& ()--' 10%g& ()-+10%g&" () - 46789xbC@
10% u& ()-!10% u& ()- 10g 10g 10g<10%g& ()- 8@

10%g& () - 610%g& () - RIEDC@ 10% u& ()-!10% u& ()-!10% u& () -

10% u& ()-10% u& ()-10% u& ()-"N dEbC@% 10% u& () - S#! 10% u& () -

"110% u&' ()-&10% u& ()-!10% u& ()- 10% u& ()- < | 6! dEbC@! 10% u&' () -
.310% u& ()--10% u& ()-+ 10% u& ()-)!10% u& ()-
& 10% u& ()-6!0ly! 111111 dYNC@ 10-u 10-u 10- u@s10% u& ()-8 10% u& () -

610% u& (YadeteykihbdHFlPAE 8&NE)1Ysid in aécBdBYNC@w lfgRe(@rocedure

10%9& ()-10%& ()- 10%& ()-3 '10%& () -, 10%9& () - . #h####23q$dEYNC@
described in the following Example 2 (3-a), and the results shown
in Fig. 4. The symbol “+” in Fig. 4 means that it was treated
with 10 pmol//L of SB203580.

Inaddition, cellmorphologyandf-galactosidaseactivity
in each treated group were analyzed in accordance with the
procedure described in Reference Example 1(2).

The young cell grew well (doubling time = about 2 days)
regardless of the presence or absence of SB203580 as shown in
Fig. 3 (polygonal line a and polygonal line b), and its S phase
cell was about 20% as shown in Fig. 4. The SB203580-untreated
senescent cell grew slowly (doubling time = about 6 days) (cf.
polygonal line d in Fig. 3), its S phase cell was about 5% (cf.
Fig. 4). Although illustrative data are not shown,lit showed
a morphologically characteristic of a cellular
senescence-specific f-galactosidase-positive flat cytoplasm.
On the other hand, the SB203580-treated senescent cell showed
accelerated growth in comparison with the untreated case (cf.
polygonal line ¢ in Fig. 3), the S phase cell shown by 72 hours
of bromodeoxyuridine (BrdU) labeling was significantly
increased to about 25% (cf. Fig. 4), and it showed a
morphologically characteristic in that the cellular
senescence-specific B-galactosidase-positive degree was low
and the flat cytoplasm became thin, thus resembling the young

cell. Based on these results, it was shown that the SB203580

as a compound having p38 protein inhibitory activity partially
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Example 2
(1) Preparation of transformed cell of the present invention
In the example, the transformed cell of the present
invention was prepared in accordance with the procedure
described as follows, by introducing a human MKKé6 gene coding
for the human MKK6 protein, or an MKK6EE gene coding for a
constitutive active type mutant of the MKK6 (to be referred
to as MKK6EE protein hereinafter), into a young cell of the
human normal fibroblast WI-38 by a gene introduction method
which uses a retrovirus.
In this connection, the MKK6 protein is an MAPK kinase
(MAPKK) which phosphorylates and activates p38 protein. Also,
the MKK6EE protein is a mutant of the MKK6 protein in which
serine at the 207th position (Ser 207) and threonine at the
211th (Thr 211) are respectively substituted with glutamic acid
(Glu; E) (Mol. Cell. Biol., 16: 1247-1255, 1990).
The MKK6 gene was obtained by amplifying a DNA fragment
of about 1 kbp by a PCR method which uses a plasmid pSRa-MKK6
(J. Biol. Chem., 271: 13675-13679, 1996) as the template and
a combination of a forward primer consisting of the nucleotide
sequence represented by SEQ ID NO:1 and a reverse primer

consisting of the nucleotide sequence represented by SEQ ID

NO:2. In this case, the aforementioned PCR was carried out by
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~NNNQQTTTIdgb ks 10- §290T(30 seconds) and 72°C (1 minute) 15 times and
then finally incubating at 72°C (10 minutes). Also, the MKK6EE
gene was obtained by modifying the aforementioned MKK6 gene
using a genetic engineering technique in accordance with the
conventional method, namely site-specific mutagenesis (Proc.
Natl. Acad. Sci. USA, 81l: 5662-5666, 1984).

Each of the thus obtained MKK6 gene and MKK6EE gene was
subcloned into a puromycin-resistant gene-containing
retrovirus vector pMXpuro (Exp. Hematol., 24: 324-329, 1996).

The gene introduction by retrovirus was carried out in
accordancewithaconventionallyknownmethod (Proc. Natl. Acad.
Sci. USA, 92: 9146-9150, 1995). That is, a packaging cell NX
cell [4 x 10° cells/10 cm dish (J. Virol., 38: 895-905, 1981)]
was transfected with 6 pg of a retrovirus DNA containing each
gene (or the retrovirus vector pMXpuro as a control). After
48 hours, the culture supernatant was recovered and used as
a virus solution.

As the target cell, young cell (42 PD; 5 x 10° cells/10
cm dish) of the human normal fibroblast WI-38 was cultured for
8 hours in the virus supernatant to which polybrene (final
concentration = 8 pg/ml) had been added. The virus supernatant
was once removed, and then fresh virus supernatant [containing
polybrene (final concentration = 8 pg/ml)] was again added,

followed by the culturing for 8 hours. Each of the

infection-treated cells was cultured for 3 days in DMEM
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was changed to DMEM containing 2.5% dimethyl sulfoxide (DMSO),
followed by the culturing for 6 days. In this case, the medium
exchange was carried out every day during the culturing for
6 days. The relative number of cells during these 6 days was
measured every other day using a commercially available kit
[Cell Counting Kit (WST-1 assay), manufactured. by DOJINDO].

The WST-1 assay is a method to know indirectly degree
of cell growth ability with the use of the colorimetric
determination of the activity of dehydration reactions wherein
intracellular lactate dehydrogenase and the like are related.
Measurement and calculation of the relative cell number

were specifically carried out by the following method. That
is, 1,000 cells per eachwell of a 96 well plate were precultured
for 24 hours. After adding the WST-1 reagent to the culture
medium, the coloring reaction was carried out for 4 hours in
a CO, incubator. After the reaction, measurement was carried
out using a plate reader (measuring wavelength =450 nm). These
were measured on three samples on each of the measuring days
(on the 0th, 2nd, 4th and 6th days) during the growth period,
and the average values were used as the data of respective
measuringdays. Therelativenumber of cells ofmeasuredvalues
on respective measuring days was calculated by defining the

average of measured values on the 0th day as 1. The results

are shown in Fig. 5(a).
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In Fig. 5, the 4th day after carrying out the infection

treatment was used as the “0th day”. Also, inFig. 5, the symbol

“WT” indicates that it is a result of the MKK6 gene-introduced

cell of the present invention, the symbol “EE” indicates that

it is a result of the MKK6EE gene—-introduced cell of the present

invention, and the symbol “V” indicates that it is a result

of the vector (retrovirus vector pMXpuro) alone-introducedcell

(control).

As shown in Fig. 5(a), cell growth rates of the

MKK6-expressing cell (WT) of the present invention and the

MKK6EE-expressing cell (EE) of the present invention were

significantly reduced on the 4th day, in comparison with the

control cell (V) infected with the vector alone. In addition,

in the case of the cell (EE) of the present invention expressing

the MKK6EE gene, its growth was completely stopped before the

cell became confluent.

(2) Effect of p38 protein inhibitor on the transformed cell

of the present invention

In the example, effect of the p38 protein inhibitor

SB203580 onthe two speciesof the transformedcell of the present

invention obtained in Example 2 (1) was confirmed.

Specifically, the retrovirus infection treatment

described in Example 2(1) and culturing of the cells obtained

by the treatment described-above were repeated, except that

the medium was replaced by DMEM containing 10 pmol//L SB203580

(manufactured. by Sigma) on the 4th day after carrying out the
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The symbol “+SB” in Fig. 5(b) indicates that it is a result
of thecaseofaddingSB203580 to themedium. Inthisconnection,
the symbol “-SB” in Fig. 5(a) indicates that it is a result
of the case where SB203580 was not added to the medium.

With regard to the growth inhibitory effect by the MKK6
gene or MKKG6EE gene shown in Fig. 5(a), it was inhibited by
the p38 protein inhibitor SB203580 as shown in Fig. 5(b).

In addition, although illustrative data were not shown,
the SB203580alsoshowedtheanti-agingactivityupona senescent
cell (61 PD) of the human normal fibroblast WI-38 cultured in
the same manner as in Reference Example 1(1).

(3) Confirmation of various aging indexes in the transformed
cell of the present invention
(3-a) Ratio of S phase cell by FACS analysis

Using the two speciesof thetransformedcell of thepresent
invention and one species of a control cell wherein the vector
alone was introduced, obtained by repeating the same procedure
of Example 2(1l), the ratio of S phase cell was confirmed by
a fluorescence-activated cell sorter (FACS) analysis. As the
cells, cells after a culturing period of 6 days, namely the
cells of “during 6 days” in Fig. 5, were used.

Specifically, each of the cells after a culturing period
of 6 days was subjected to labeling in DMEM medium containing

10umol//Lbromodeoxyuridine (BrdU) for 4hours. Next, thecells

were fixed with 70% ethanol and treated with 2 mol//L
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hydrochloric acid for 30 minutes. Subsequently, they were

neutralized with 0.1 mol//L sodium borate and then allowed to

react with FITC-labeled anti-BrdU antibody (manufactured by

BECTON DICKINSON) for 1 hour. After completionof the reaction,

the cells were washed with a washing buffer [PBS containing

0.5% Tween 20 and 1% bovine serum albumin (BSA)] and suspended

in a PBS solution containing 5 pg/ml ProPidium Iodide (PI).

The samples were analyzed by a two dimensional flow cytometry.

The results are shown in Fig. 6.

The symbol “Vector” in Fig. 6(a) indicates that it is

a result of the vector (retrovirus vector pMXpuro)
alone-introduced cell (control), the symbol “MKK6WT” in Fig.
6 (b) indicates that it is a result of the MKK6 gene-introduced
cell of the present invention, and the symbol “MKK6EE” in Fig.
6 (c) indicates that it is a result of the MKK6EE gene-introduced
cell of the present invention. Each ordinate in Fig. 6 shows
the degree of BrdU staining, and each abscissa shows the degree
of PI staining.

As shown in Fig. 6, the ratio of S phase cell in the
MKK6-expressing cell (MKK6WT) of the present invention and the
MKK6EE-expressing cell (MKK6EE) of the present invention was
significantly reduced in comparison with the control cell
(Vector) infected with the vector alone.

(3-b) Cellular senescence-specific B-galactosidase activity

The procedure described in Reference Example 1(2) was

repeated, except that the two species of the transformed cell
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of thepresent inventionandone species of acontrol cell wherein
the vector alone was introduced, obtained by repeating the same
procedure of Example 2(1), (cells after a culturing period of
6 days in each case, namely the cells of “on the 6th day” in
Fig. 5) were used. The results are shown in Fig. 7.

The symbol “Vector” in Fig. 7(a) indicates that it is
a result of the vector (retrovirus vector pMXpuro)
alone-introduced cell (control), the symbol “MKK6WT” in Fig.
7(b) indicates that it is a result of the MKK6 gene-introduced
cell of the present invention, and the symbol “MKK6EE” in Fig.
7(c) indicates that it is a result of the MKK6EE gene-introduced
cell of the present invention.

As shown in Fig. 7, the MKK6-expressing cell (MKK6WT)
of thepresent invention and theMKK6EE-expressingcell (MKK6EE)
of the present invention showed a flat morphology and, what
is more, their cellular senescence-specific P-galactosidase
activity was considerably increased.

Next, the procedure described in Reference Example 1(2)
was repeated, except that the two species of the transformed
cell of the present invention and one species of a control cell
wherein the vector alone was introduced, obtained by repeating
the same procedure of Example 2 (1), (cells after a culturing
period of 6 days in each case; SB203580-untreated cells) and
the two species of the transformed cell of the present invention
and one species of a control cell wherein the vector alone was

introduced, obtained by repeating the same procedure of Example
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SB203580-treated cells) were used. Then 200 cells were
optionally selected under amicroscope fromeach of independent
three samples per each group, and the ratio of B-galactosidase
positive cells was calculated by counting the number of
B-galactosidase positive cells contained therein. The results
are shown in Fig. 8.
In Fig. 8, the symbol “W” indicates that it is a result
of the vector (retrovirus vector pMXpuro) alone-introducedcell
(control), the symbol “WT” indicates that it is a result of
the MKK6 gene-introduced cell of the present invention, and
the symbol “EE” indicates that it is a result of the MKK6EE
gene-introduced cell of the present invention. Also, in the
“SB” column shown on the abscissa of Fig. 8, the symbol “+”
indicates that it is a result of the SB203580-treated cells,
and the symbol “-” indicates that it is a result of the
SB203580-untreated cells.
As shown in Fig. 8, the increase of the cellular
senescence-specific B-galactosidase positive cells is
inhibited by SB203580.
(3-c) Phosphorylated state of p38 protein
The procedure described in Reference Example 1(3) was
repeated, except that the two species of the transformed cell
of thepresent invention and one species of acontrol cell wherein

the vector alone was introduced, obtained by repeating the same

procedure of Example 2(1), (cells after a culturing period of

42



109%90& ()-\~\=F 10T!L!'109%0& ()-!!":110%& ()-'d:!10%T& ()-:!10%& ()- 10T
10T 10T<10%& ()-!Go@ 10T!'!sM10% ()--M 10%& ()--M 10%& ()--!10%& () -
10T 10T 10T<10%& ()-Gouj _@ 10T! @&! 10%& ()-S 10g 10g
10g<10%g& ()-.9'10%& ()- 'LSH& 109%& ()- SH& 10%& ()- c"Zz[<1OF
10b<10%& ()--:!110%& ()-!>& 10%xbXb& ()-f & 10%& ()-f! L@ 10% bf b& ()-S! C@
& 10%b& () - S"dEGF
10bL! M 1090& ()-:!>110%& ()-'Q!10%T& ()-!'C110%T& ()-:!10%b& ()-
6 days in each case) were used, and that an anti-MKK6 antibody
(sc-1992; manufactured by Santa Cruz), an anti-plé antibody
(sc-468; manufactured by Santa Cruz), an anti-p2l antibody
(sc-817; manufactured by Santa Cruz), an anti-p53 antibody
(sc-263; manufactured by Santa Cruz) and an anti-actin antibody
(manufactured by Boehringer-Mannheim) were used as the primary
antibodies. Inthis connection, thepléproteinandp2l protein
are knownproteins as proteins characteristicof senescent cells.
Also, actin is a protein which is known to have no difference
in its expression quantity between young cells and senescent
cells. The results are shown in Fig. 9.

In Fig. 9, the symbol “mock” indicates that it is a result
of the vector (retrovirus vector pMXpuro) alone-introducedcell
(control), the symbol “MKK6WT” indicates that it is a result
of the MKK6 gene-introduced cell of the present invention, and
the symbol “MKK6EE” indicates that it is a result of the MKK6EE
gene-introduced cell of the present invention.

As shown in Fig. 9, a large amount of the MKK6 protein
was expressed in the MKK6é or MKK6EE gene-introduced cell in
comparison with the control. While expressed amount of the
total p38 protein did not vary among the three species of cells,
expressed amount of the active type p38 protein significantly
increased in the MKK6 gene-introduced cell and markedly
increased in the MKK6EE gene-introduced cell in comparison with

the control. In addition, expressed amount of each of the

senescent cell-specific pl6 protein and p21 protein increased
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on these results that cellular senescence is directly induced

into young cells by the activation of p38 protein.

Example 3

It was already reported that human normal fibroblast
rapidly shows a cellular senescence phenotype by the forced
expression of activated Ras (Cell, 88: 1593-602, 1997). It was
shown that this process is induced viatheclassical MAPK, namely
Raf-Mek-Erk, which is in the downstream of Ras (Genes Dev.,
12: 3008-3019, 1998, Genes Dev., 12: 2997-3007, 1998)ﬂ By the
use of this, Zhu et al. have reported a system for inducing
cellular senescencebyactivatingRafwithestrogenor tamoxifen
(Genes Dev., 12: 2997-3007, 1998). This is a result of fusing
an estrogen receptor gene with a sequence coding for the kinase
region of activated Raf gene.

(1) In accordance with the aforementioned method,
induction of cellular senescence was tested by carrying out
gene transfer into the WI-38 cell and thereby constructing a
system which can induce cellular senescence by the
administration of tamoxifen.

The results are shown in Fig. 10 and Fig. 11. By the
administration of 1 nM or more of tamoxifen, termination of
cell growth and increase of cellular senescence-specific
B-galactosidasepositivecellwereobserved, therebyconfirming

that the cellular senescence was induced. Fig. 10 shows the
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changes in the morphology of cells by varied administration
concentration of tamoxifen (4-HT), and Fig. 11 shows a
relationship between concentration of administered tamoxifen
(4-HT) and the relative number of cells wherein the initial
number of cells is defined as 1.

(2) Using the system constructed in (1), activation of
Raf was induced by 10 nM of tamoxifen, and by simultaneously
adding 25 uM of PD98059 (Mek inhibitor) and SB203580 (p38
inhibitor), their effects on the Raf-induced cellular
senescence induction was observed. The results are shown in
Fig. 12, Fig. 13, Fig. 14 and Fig. 15.

Fig. 12 shows the ratio of cell growth in respective cells
after induction of the activated Raf. In Fig. 12, tamoxifen
is shown by a symbol “4-HT”, and the 25 pM PD98059-administered
system 1s shown by a symbol “+PD”.

Fig. 13 shows the ratio of f-galactosidase positive cell
in respective cells after induction of the activated Raf. 1In
Fig. 13, tamoxifen is shown by a symbol “4-HT”, and the 25 puM
PD98059-administered system is shown by a symbol ™“+”,

Fig. 14 shows the ratio of cell growth in respective cells
after induction of the activated Raf. In Fig. 14, tamoxifen
is shown by a symbol “4-HT”, and the 25 uM SB203580-administered
system is shown by a symbol “+SB”.

Fig. 15 shows the ratio of B-galactosidase positive cell

in respective cells after induction of the activated Raf. In

Fig. 15, tamoxifen is shown by a symbol “4-HT”, and the 25 puM

45



1 10g!:110%& ()-'d:!'10%g& ()-:!110%& ()- @' 10%& ()- 10T 10T

10T<10%& ()-zGg mop}~ =F 1 10g' @' 10%& ()- @' 10%& ()- 10g 10g

109<10%& ()-'H,)!10%9& ()-,)!'10%& ()-g zX9.= 10g<

10%9& ()-!s!10%99& ()-%|s! 10%99& ()-% ns! 10%99& ()-%is! 10%g& () - %! 10%&

"()-%!'"YAmN Y% ! 10% & () -f#10%& ()- 10%& ()-& !'10%& ()-nB

10%& ()-@10%& ()- 10g
SB203580-administered system is shown by a symbol “+”.

PD98059 partially inhibited the termination of cell

growth and increase of cellular senescence-specific
f-galactosidase positive cell induced by the activation of Raf.
However, SB203580 inhibited the termination of cell growth and
increase of cellular senescence-specific P-galactosidase
positive cell induced by the activation of Raf, more strongly
than the PD98059. It was clarified by this information that
both of the classical MAPK and a stress-inducing MAPK p38 are

concerned in the cellular senescence induced by the activation

of Raf, but the concern of p38 is particularly large.

Industrial Applicability

The transformed cell of the present invention is a cell
useful for constructing the screening system of the present
invention, and, according to the screeningmethod of the present
invention, a substance effective as an anti-aging agent can
be screened. In addition, a compound selected by the screening

method of the present invention isuseful asananti-agingagent.
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Claim

1. A transformed cell in which a gene coding for

(a) a protein capable of phosphorylating p38 protein,
or

(b) p38 protein, a mutant of p38 protein, a kinase domain
of p38 protein, a kinase domain of p38 proteinmutant or a fusion
protein containing them

is transformed into a normal cell.

2. A method for screening a compound, which comprises

(1) a step for allowing a normal senescent cell or anormal
cell introduced with a gene capable of inducing cellular
senescence to contact with a substance to be tested, and

(2) a step for analyzing an aging index of the cell.

3. The screening method according to claim 2, wherein
the step for analyzing an aging index of the cell is a step
in which an aging index of the cell is analyzed by comparing
with a control cell which is not contacted with a substance

to be tested.

4, The screening method according to claim 2 or 3, wherein
the aging index is a change in the ratio of S phase cell, an
change in the morphology of the cell, a change in the cellular

senescence-specific enzyme activity or a change in the growing
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ability.

5. The screening method according to any one of claims
2 to 4, wherein the normal cell introduced with a gene capable
of inducing cellular senescence is the transformed cell
according to claim 1 or a transformed cell prepared by
transforming a normal cell with a gene coding for

(c) aproteinpositionedat theupstreamof a MAPKK protein
of the p38 pathway, a mutant of the protein positioned at the
upstream of the MAPKK protein of the p38 pathway, the kinase
domain of the protein positioned at the upstream of the MAPKK
protein of the p38 pathway, or a fusion protein containing them,
or

(d) a protein which activates the p38 MAPK pathway or

a fusion protein thereof.

6.Ananti-aging agent which comprises a compoundobtained

by the screening method of any one of claims 2 to 5.

7. The anti-aging agent according to claim 6, wherein
the compound obtained by the screening method of any one of
claims 2 to 5 is a compound having the activity to inhibit a
p38 protein or a molecule positioned at the downstream of the

p38 protein in the p38 MAPK pathway.

8. The anti-aging agent according to claim 7, wherein
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9. An anti-aging pharmaceutical composition which
comprises, as an active ingredient, a compound obtained by the
screeningmethod of anyone of claims 2 to 5which is an inhibitor

of a p38 protein or a molecule positioned at the downstream

of the p38 protein in the p38 MAPK pathway.
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